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WATER  PLANT  OPTIMIZATION  STUDY 
LAMBTON  AREA  WATER  SUPPLY  SYSTEM 

SARNIA,  ONTARIO 
FINAL  REPORT 


INTRODUCTION 

GENERAL 

The  Ontario  Ministry  of  the  Environment  has  instituted  a  Water 
Plant  Optimization  Study  (WPOS)  to  determine  the  optimum 
strategy  for  contaminant  removal  at  Ontario  water  treatment 
plants.  The  WPOS  at  the  Lambton  Area  Water  Treatment  Plant  in 
Sarnia  was  conducted  as  part  of  a  process  to  provide  a  continu- 
ously updated  base  of  information  on  the  treatment  plant  and 
water  quality.  This  study  examines  four  years  (1983  to  1986 
inclusive)  of  operating  data. 

Some  modifications  recommended  in  this  report  may  have  been 
completed  before  publication  of  this  report. 

TERMS  OF  REFERENCE 

A  detailed  Protocol  for  this  WPOS  has  been  prepared  by  the 
Ministry  and  distributed  to  the  Consultants  engaged  for  the 
optimization  studies.  This  study  has  been  conducted  in  accord- 
ance with  the  Protocol. 

BACKGROUND 

The  Lambton  Area  Water  Supply  System  is  owned  and  operated  by 
the  Ontario  Ministry  of  the  Environment.  The  water  supply 
system,  with  the  treatment  plant  in  Sarnia,  north  of  the  Village 
of  Point  Edward,  currently  serves  Lambton  County,  including: 

The  City  of  Sarnia-Clearwater 

The  Village  of  Point  Edward 


Sarnia  Indian  Reserve  No.  4  5 

-  The  Moore  Township  communities  of  Corunna, 
Mooretown,  Courtright  and  Brigden,  plus  Nova  Corporation 

-  The  Sombra  Township  communities  of  Sombra 
(Village)  and  Port  Lambton. 

In  1989,  water  service  was  extended  into  the  East  Lambton  area 
serving: 

-  Plympton  Township 

-  the  southwestern  lakeshore  of  Bosanquet  Township 

-  the  Town  of  Forest 

-  Warwick  Township 

-  the  Village  of  Wyoming 

-  the  Village  of  Watford. 

SCOPE  OF  THIS  REPORT 

This  report  covers  the  work  for  Work  Task  Nos.  1  through  6  for 
the  Water  Plant  Optimization  Study  of  the  Lambton  Area  Water 
Treatment  Plant.   These  tasks  are  specifically: 

-  Work  Task  No.  1  -  Review  the  information  provided. 

Work  Task  No.  2  -  Document  the  quality  and 
quantity  of  raw  and  treated  waters 

-  Work  Task  No.  3  -  Define  the  present  treatment  processes 
and  operating  procedures. 

Work  Task  No.  4  -  Assess  the  methods  of  efficient 
particulate  removal  utilizing  the  present  capital  works 
of  the  plant. 
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Work  Task  No.  5  -  Assess  the  current  disinfection  prac- 
tices. 

Work  Task  No.  6  -  List  possible  short  and  long-term 
process  modifications. 

Wastewater  Disposal  Study. 


-  Ill  - 


A:      RAW  WATER  SOURCE 

A:l     SOURCE 

The  Lambton  Area  Water  Supply  System  takes  water  from  the  St. 
Clair  River  at  the  outlet  of  Lake  Huron.  The  intake  for  the 
water  treatment  plant  is  about  100m  from  the  shoreline  of  the 
St.  Clair  River  at  Point  Edward. 

A:2     QUALITY 

Raw  water  is,  for  the  most  part,  clear,  colourless  and  of 
excellent  quality.  This  is  indicative  of  the  plant's  location 
at  the  head  of  the  St.  Clair  River  and  upstream  of  the  popula- 
tion centres  and  industry.  In  over  10  years  of  operation,  the 
deep  intake  has  not  been  subject  to  a  spill. 

Conventional  water  quality  parameters  are  summarized  in  Table  I. 
The  data,  from  1983  to  1986  inclusive,  include  in-plant  analyti- 
cal data,  regular  general  chemistry  and  microbiological  testing 
by  MOE  London  laboratory  and  the  data  from  the  MOE  publication 
"Drinking  Water  Survey,  St.  Clair-Detroit  River  Area,  Update 
August,  1986". 

TABLE  I 
PHYSICAL  AND  CHEMICAL  QUALITY  AT  LAMBTON  WTP  rSARNIA) 


Parameter  and  (Unit') 

Turbidity  (NTU) 

Colour  (TCU) 

Hardness  (mg/L  CaCOs) 

Alkalinity  (mg/L  CaCOj) 

Iron  (mg/L  Fe) 

PH 

Nitrate  (mg/L  as  N) 


A:2:a  Physical  Parameters 

The  raw  water  has  a  turbidity  of  less  than  4  NTU  for  90  percent 
of  the  time  (see  Figure  No.  1)  with  occasional  higher  turbidi- 

Al 


Raw 

Water 

Averap;e 

Maximum 

3.9 

98 

2.6 

14 

94 

98 

96 

102 

0.19 

0.98 

8.1 

8.45 

0.32 

0.39 

ties,  generally  less  than  100  FTU,  in  storm  events. 

Raw  water  colour  is  generally  low.  The  higher  values  were 
reported  as  apparent  colour,  which  includes  coloured  colloidal 
matter  which  is  readily  removed  by  conventional  treatment. 

A:2:b  Chemical  Parameters 

The  water  meets  the  Provincial  Drinking  Water  Objectives  for  the 
above  noted  chemical  parameters. 

A:2:c  MOE  Drinking  Water  Survey 

The  MOE  report  "Drinking  Water  Survey,  St.  Clair-Detroit  River 
Area,  Update  August  1986"  includes  all  data  obtained  at  the 
Lambton  Area  Water  Treatment  Plant  (Sarnia)  since  15  November 
1985  under  two  sampling  programs: 

Drinking  Water  Surveillance  Program 
Dioxin  Survey. 

The  Drinking  Water  Surveillance  Program  (DWSP)  included  sampling 
and  analysis  of  raw  and  treated  water  on  15  dates  between  15 
November  1985  to  22  April  1986. 

The  DWSP  analyses  of  raw  and  treated  water  encompassed  139 
parameters.   These  parameters  fall  into  several  categories: 

general  chemical  and  physical  parameters 

-  field  tests 

-  metals 

-  microbiological  parameters 
pesticides 

-  other  organic  compounds. 

At  the  Lambton  Plant,  many  of  the  parameters,  particularly 
pesticides  and  organic  compounds,   are  below  the  detection 
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limits.  All  parameters  averaging  greater  than  the  detection 
limit  for  either  raw  or  treated  water,  are  included  in  Table  ii 
a  summary  of  DWSP  data.  This  table  contains  averages  for  all 
parameters:  geometric  means  for  bacteriological  data,  arithme- 
tic means  for  the  remainder,  and  maxima  along  with  drinking 
water  objectives  or  guidelines. 

The  DWSP  monitoring  of  raw  and  treated  water  at  Sarnia  produced 
positive  results  for  the  following  organic  chemicals: 

Total  trihalomethanes  (including  chloroform,  bromoform, 
dichlorobromethane  and  chlorodibromomethane)  in  the 
treated  water  to  a  maximum  of  50  ug/L  compared  to  the 
detection  limit  of  3  ug/L  and  Provincial  Health  Guideline 
(MAC)  of  350  ug/L.  These  compounds  were  not  detected  in 
the  raw  water  and  result  from  the  chlorination  used  for 
disinfection.  THMs  are  found  at  all  surface  water  plants 
using  chlorination  and  result  from  the  combination  of 
chlorine  with  organics  such  as  naturally  occurring  fulvic 
and  humic  acids. 

Alpha  BHC,  a  pesticide,  was  found  in  13  of  14  raw  water 
samples  and  12  of  13  treated  water  samples  at  3  ng/L±. 
The  3  ng/L  level  is  three  times  the  detection  limit  of  l 
ng/L  and  thus  not  reliably  quantified.  The  drinking 
water  guideline  is  700  ng/L.  No  other  pesticides  were 
found  to  be  present  at  levels  above  the  detection  limit. 

Hexachlorobutadiene  was  found  in  the  treated  water  on  10 
December  1985  but  not  in  the  raw  water.  The  reported 
level  m  the  treated  water  was  3  ng/L  compared  to  the 
detection  limit  of  i  ng/L  and  the  USEPA  ambient  guideline 
of  4500  ng/L. 
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TABLE  I 


RAW  AND  TREATED  WATER  QUALITY 
(Summary  of  DWSP  Data  for  Parameters 
Averaging  Greater  Than  Detection  Limits) 


PARAfVlETER 

RAW  WATER 

TREATED  WATER 

DRINKING  WATER 

AND 
UNITS 

OBJECTIVE 
OR  GUIDELINE 

AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

1 .  Alkalinity  -  mg/l  CaCO  sub3 

81 

84 

75 

79 

2.  Aluminum  -  mg/l 

0.064 

0.18 

0.073 

0.13 

4.  Barium  -  mg/l 

0.012 

0.012 

0.012 

0.012 

1 

13.  Calcium  -  mg/l 

27.5 

29 

27.6 

29 

16.  Chloride  -  mg/l 

5.3 

6.2 

6.6 

7.2 

17.  Colour -TCU 

3.8 

7.5 

3.5 

5 

18.  Conductivity  -  umho/cm 

214 

221 

218 

226 

20.  Chromium  -  mg/l 

0.001 

0.002 

0.002 

0.004 

0.05 

21.  Copper  -  mg/l 

0.002 

0.003 

0.007 

0.016 

1 

22.  Fecal  Conforms  -  per  100  ml 

1.2 

10 

N/A 

0 

90.  Total  Conforms  -  per  100  ml 

3.9 

1100 

0 

0 

ODWO  BACTI 

91.  Background  Conforms  -  per  100  ml 

52 

5800 

0 

0 

ODWO  BACTI 

32.  Std  Plate  Count  -  per  ml 

24.5 

300 

1 

57 

500 

23.  Iron  -  mg/l 

0.084 

0.12 

0.05 

0.1 

0.3 

24.  Fluoride  -  mg/l 

0.08 

0.12 

1.17 

1.33 

2.4 

25.  Chlorine,  Combined  -  mg/l 

N/A 

0.15 

0.25 

26.  Chlorine,  Free  -  mg/l 

N/A 

0.72 

0.8 

27.  Chlorine,  Total  -  mg/l 

N/A 

0.87 

1 

28.  &  45.  pH  -  pH  Units 

8 

8.14 

7.42 

7.86 

30.  &  92.  Turbidity  -  NTU 

3.6 

27 

0.18 

0.94 

31.  Hardness  -  mg/l  CaC0sub3 

99 

104 

99 

105 

33.  Mercury  -  ug/l 

L0.01 

0.01 

L0.01 

0.01 

1 

34.  Magnesium  -  mg/l 

7.4 

7.8 

7.4 

7.7 

35.  Manganese  -  mg/l 

0.003 

0.009 

0.003 

0.005 

0.05 

37.  Sodium  -  mg/l 

3.8 

4 

3.6 

4 

41.  Nitrate  -  mg/l  N 

0.34 

0.48 

0.33 

0.46 

10 

42.  TKN  -  mg/l  N 

0.16 

0.22 

0.08 

0.14 

0.15 

46.  Soluble  Phosphorus  -  mg/l  P 

L0.01 

L0.01 

0.012 

0.016 

47.  Total  Phosphorus  -  mg/l  P 

0.008 

0.013 

0.013 

0.02 

49.  Alpha  BHC  -  ng/l 

2.4 

3 

3.2 

7 

700 

87.  Total  Solids  -  mg/l 

138 

144 

141 

145 

89.  Strontium  -  mg/l 

0.093 

0.097 

0.092 

0.097 

99.  Chloroform  -  ug/l 

LI 

LI 

21.4 

29 

•  350 

106.  Dichlorobromomethane  -  ug/l 

LI 

LI 

9.6 

11 

•  350 

108.  Chlorodibromomethane  -  ug/l 

LI 

LI 

9.3 

12 

•  350 

137.  Zinc  -  mg/l 

0.004 

0.011 

0.004 

0.094 

5 

149.  Di-n-Butyl  Phthalate  -  mg/l 

0.39 

0.9 

0.39 

0.9 

34000 

NOTE:  L  denotes  less  than. 

•  denotes  the  guideline  for  total  THM's  (350). 


2,3,6-Trichlorotoluene  was  detected  in  the  treated  water 
on  15  November  1985  but  not  in  the  raw  water.  The 
reported  level  of  9  ng/L  in  the  treated  water  is  less 
than  twice  the  detection  limit  of  5  ng/L  and  not  con- 
sidered to  be  reliably  quantified. 

1,2,3,5-Tetrachlorobenzene  was  detected  in  the  treated 
water  on  10  December  1985  and  3  February  1986  but  not  in 
the  raw  water.  The  reported  level  is  10  ng/L  compared  to 
the  detection  limit  of  1  ng/L. 

1,2,4,5-Tetrachlorobenzene  was  detected  in  the  treated 
water  on  15  November  1985  but  not  in  the  raw  water.  The 
reported  level  is  12  ng/L  compared  to  the  detection  limit 
of  1  ng/L  and  the  United  States  Environmental  Protection 
Agency  (USEPA)  ambient  guideline  of  38  000  ng/L  for  the 
1,2,4,5  isomer.  (Note  the  1,2,4,5  isomer  is  reported  to 
be  more  toxic  than  the  1,2,3,5  isomer,  thus  the  ambient 
level  of  38  000  ng/L  may  be  safely  used  for  the  1,2,3,5 
isomer  above. ) 

Hexachloroethane  was  detected  in  treated  water  on  15 
November  1985  (at  2  ng/L)  and  on  3  February  1986  (at 
4  ng/L)  but  not  in  the  raw  water.  The  reported  levels 
are  barely  above  the  detection  limit  of  l  ng/L,  and  well 
below  the  guideline  of  19  000  ng/L. 

di-n-butyl  phthalate  was  found  in  raw  and  treated  water 
averaging  0.39  ug/L  compared  to  a  detection  limit  of  0.1 
Mg/L  and  a  drinking  water  guideline  value  of  34  000  /xg/L. 

No  other  organic  chemicals  monitored  in  the  DWSP  were  found  to 
be  present  in  the  treated  water  at  levels  above  the  detection 
limit. 


A5 


The  presence  of  hexachlorobutadiene;  2 , 3 , 6-Trichloroluene;  and 
1,2,3,5-  and  1, 2 , 4 , 5-Tetrachlorobenzene  and  hexachloroethane  in 
the  treated  water  but  not  in  the  raw  water  at  the  Lambton  Plant 
may  be  attributable  to  the  uncertainty  in  reliably  quantifying 
these  chemicals  at  low  levels  in  relation  to  the  detection 
limits,  or  alternatively  that  these  compounds  are  manufactured 
in  the  chlorination  process. 

Under  the  dioxin  program,  chlorinated  dibenzo-p-dioxins  and 
chlorinated  dibenzofurans  were  monitored  at  Sarnia  in  1985  and 
1986.  The  results  from  the  MOE  report  "Drinking  Water  Survey" 
updated  to  August  1986,  show  the  only  form  of  these  chemicals 
found  to  be  present  was  octachlorodibenzo-p-dioxin  in  the 
treated  water  on  9  December  1985  at  22  pg/L  (ppq)  and  in  raw 
water  on  23  February  1986  at  13  ppq.  These  levels  are  close  to 
the  detection  limit  and  very  small  in  relation  to  the  province's 
interim  MAC  of  150000  pg/L  (ppq)  for  octachlorodibenzo-p- 
dioxins. 

A:2:d  Microbiological  Quality 

Water  samples  are  taken  regularly  for  microbiological  analysis. 
The  numbers  of  samples  taken  exceed  the  requirements  for 
sampling. 

In  the  three  years  of  data  considered  (1983  to  1985)  raw  water 
samples  showed: 

All  298  samples  had  less  than  100  total  coliform  organ- 
isms per  100  mL.  This  is  generally  within  the  maximum 
acceptable  range  for  raw  water  undergoing  treatment  and 
disinfection,  in  terms  of  number  of  organisms.  All 
samples  showed  total  col i forms 

181  of  204  samples  had  fecal  coliforms  of  less  than  10 
colonies  per  100  mL.  An  additional  23  samples  had  10  to 
100  fecal  coliforms  per  100  mL 
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68  of  108  samples  had  less  than  one  fecal  streptococcus 
per  100  mL.  The  remaining  40  samples  had  less  than  50 
organisms  per  100  mL. 


Algae 


Phytoplankton  (algae)  enumeration  is  done  by  plant  staff.  The 
data  are  summarized  in  Table  5.0  for  raw  water.  The  predominant 
forms  are  diatoms.  Most  of  the  diatoms  present  are  acknowledged 
as  "filter  clogging"  algae.  The  algae  have  presented  no  taste 
and  odour  problems  and  hence  algae  at  the  Lambton  Area  Water 
Treatment  Plant  should  be  viewed  as  an  operational  problem, 
shortening  filter  runs,  rather  than  a  quality  problem. 

Algae  counts  on  filtered  water  for  the  same  period  consistently 
show  no  algae. 
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B:      FLOW  MEASUREMENT 
B:l     GENERAL 

Raw  and  treated  water  are  metered  as  well  as  the  in-plant  water 
use,  backwash  water  and  plant  service  water.  The  portion  of 
plant  service  water  used  for  the  filter  surface  wash  is  metered. 

Unmetered  water  used  in  the  plant  includes: 

Irrigation  (untreated  water  from  the  river) 

Prechlorination  injector  water  taken  from  the  low  lift 
header  upstream  of  the  raw  water  meters. 

B:2     RAW  WATER 

The  raw  water  is  metered  by  two  900  mm  Venturi  meters  in 
parallel  raw  water  pipes.  The  flowmeter  signals  are  used  for 
flow  proportional  control  of  chemical  systems  (prechlorination, 
alum,  filter  aid,  etc.).  The  flow  rate  signals  are  totalized  to 
obtain  plant  raw  water  throughput.  The  raw  water  meters  are 
calibrated  once  every  two  years  against  rated  low  lift  pump 
capacity.  Accuracy  of  a  Venturi  meter  (with  pressure  transmit- 
ter) is  reported  to  be  ±1  per  cent  of  actual  rate  (EPA  Design 
Information  Report  dated  October  1986) .  For  the  two  meters,  the 
errors  could  be  ±2  per  cent  (maximum)  for  a  recently  calibrated 
meter. 

B:3     TREATED  WATER 

The  treated  water  is  metered  between  the  high  lift  pump  header 
and  the  plant  discharge  header  using  two  750  mm  magnetic 
flowmeters  in  parallel  lines.  The  flow  signals  are  totalized  to 
produce  treated  water  pumpage  figures.  Maximum  flow  rate  is 
5355  L/s  (463  ML/d)  with  all  high  lift  pumps  on.  Current 
average  day  flows  are  64.6  ML/d. 
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The  USEPA  (loc.  cit.)  lists  an  accuracy  of  ±1-2  per  cent  of 
full-scale  for  magnetic  flowmeters.  Possible  maximvim  error  for 
the  totalized  treated  water  flow  is  7  to  14  per  cent  of  actual 
flow.  Note  that  the  meter  errors  may  compensate,  yielding  much 
lower  errors.  The  treated  water  meters  are  used  to  bill  the 
City  of  Sarnia  and  are  calibrated  once  every  two  years. 

B:4     DISCREPANCY  BETWEEN  RAW  AND  TREATED  WATER 

While  the  rate  of  production  is  varied  to  match  rate  of  consump- 
tion of  water,  there  is  lag  time  provided  by  peak  balancing 
storage  in  the  reservoir.  Thus,  daily  raw  water  and  treated 
water  quantities  do  not  necessarily  coincide. 

In  addition,  in-plant  uses  of  water  consume  a  significant  amount 
of  treated  water.  The  major  in-plant  use  of  treated  water  is 
filter  backwashing,  using  about  7  per  cent  of  the  total  water 
produced.   Other  large  uses  of  treated  service  water  include: 

-  Filter  surface  wash 

-  Dehumidifier  with  a  peak  (summer)  requirement  of  16  L/s 
Travelling  screen  washwater  at  15  L/s 
Post-chlorinator  at  2.5  L/s. 

Table  III  is  a  monthly  water  balance  for  1985.  Of  the  items 
making  up  in-plant  usage  of  water,  two  require  further  explana- 
tion. Service  water  as  it  is  defined  for  this  table  only 
includes  coolant  water  for  the  dehumidifier  (Kathebar)  system, 
travelling  screen  washwater,  post-chlorinator  injector  water  and 
water  used  by  the  staff.  The  large  increase  in  service  water 
use  in  summer  is  due  to  coolant  for  the  dehumidifier  system, 
which,  when  the  water  temperature  is  above  about  20 °C,  requires 
an  almost  constant  flow  of  water. 
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At  the  start  of  filter  backwash,  the  water  level  in  the  filter 
to  be  backwashed  is  lowered  below  the  washwater  effluent 
troughs.  This  water  is  dumped  to  waste  but  it  has  been  metered 
as  raw  water  into  the  plant.  Therefore,  the  item  "Waste  on 
Backwash"  is  introduced. 

Table  III  shows  a  reasonable  accounting  of  water  into  the  plant 
and  water  leaving  the  plant.  The  differences  are  within  the 
errors  which  can  be  attributed  to  metering. 

The  in-plant  uses  are  high,  but  not  excessive.  Backwash  water 
and  surface  washwater  are  required  to  adequately  clean  the 
filters.  Service  water  use  in  summer  is  about  100,000  m^  per 
month  greater  than  in  winter  due  primarily  to  dehumidifier 
operation. 

The  flow  data  in  Table  1.0  for  February  to  July  1983  inclusive 
are  inconsistent.  The  6-month  period  records  higher  treated 
water  pumpage  than  raw  water.  It  is  suggested  that  these 
figures  were  interchanged  on  the  Utility  Monitoring  System  (UMS) 
records.  Unfortunately,  the  billing  for  the  City  of  Sarnia  is 
based  on  this  flow  record. 

Flows  for  1983  are  an  anomaly.  They  are  much  higher  than  the 
succeeding  years  (see  Table  1.0)  and  the  preceding  years  (data 
not  included) .  Average  day  treated  water  flows  are  plotted  on 
Figure  No.  2  along  with  the  95  per  cent  confidence  interval. 
The  average  day  consumption  is  higher  than  the  expected  range 
based  on  a  per  capita  consumption  of  788  L/cap/day  (average  of 
12  years'  data)  ±  two  standard  deviations.  The  highest  single 
day  pumpage  occurred  in  June  1983,  along  with  other  high  pumpage 
days  in  June.   The  summer  was  neither  unusually  dry  nor  hot. 
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C:      PROCESS  COMPONENTS 

C:l:a   GENERAL 

The  treatment  plant  is  a  direct  filtration  plant  with: 

-  raw  water  screening 

-  prechlorination 

-  alvun  coagulation  and  flocculation 
filtration 

post-filtration  addition  of  chlorine  and  fluoride. 

The  treatment  processes  are  shown  as  a  block  flow  schematic  on 
Figure  No.  5. 

The  arrangement  of  the  treatment  plant  and  reservoir  as  shown  on 
Figure  No.  6  permits  use  of  most  of  the  site  as  a  park.  The  Lake 
Huron  shoreline  to  the  north  has  a  pleasant  beach.  The  shore  of 
the  St.  Clair  River  affords  an  excellent  view  of  lake  freighters 
and  other  boats  using  the  river.  A  lookout  has  also  been 
provided  on  the  northwest  corner  of  the  reservoir  for  that 
purpose. 

C:l:b  Kiosk 

The  small  building  on  the  river  bank  designated  as  "Kiosk"  on 
Figure  No.  6  houses: 

-  A  washwater  recirculation  pump 

-  An  irrigation  pump 

-  Piping  interconnections  to  enable  the  filter  washwater 
drain  to  be  used  as  an  emergency  intake  (the  washwater 
drain  was  the  intake  for  the  old  Sarnia  Waterworks) . 

These  facilities  are  below  ground.  The  superstructure  above 
these  facilities  includes  washrooms  for  visitors  to  the  park. 
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C:l:c  Treatment  Plant  Building 

The  treatment  plant  layout  as  shown  on  Figure  No.  7  defines  the 
major  elements  of  the  plant.   These  are: 

-  Low  Lift  Area  providing  screening  and  pumping  of  raw 
water.  The  grit  pump  room  (to  remove  sand  settled  in  the 
wet  well)  and  the  wet  well  are  located  below 

Flocculation  Area  where  the  chemically  treated  raw  water 
is  agitated  to  agglomerate  extremely  small  particles  in 
the  raw  water  to  produce  floe  which  can  be  removed  by 
filtration.   The  chemical  storage  area  is  below 

-  Filter  Area  Gravity  filters  are  provided  for  removal  of 
flocculated  particulates.  The  filters  are  arranged  north 
and  south  of  a  central  operating  gallery  with: 

Filters  over  clearwells 

-    Operating  gallery  over  the  raw  water 

conduits.   The  filter  pipe  gallery  is  below 
the  raw  water  conduits 

-  High  Lift  Area  contains  pumps  to  pump  treated  water  for 
distribution.   A  wet  well  is  below 

-  Administration  and  Control  Area  with  mechanical  room, 
workshop  and  loading  and  access  bays  below 

Emergency  Power  Room  with  diesel  driven  generators.  Fuel 
storage  tanks  and  the  electrical  substation  are  adjacent. 

-  Electrical  Area  with  the  motor  control  room  above  the 
electrical  switchgear  room 
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Chlorine  Area  for  storage  and  dispensing  of  chlorine  for 
disinfection. 

The  three  main  levels  of  the  building  are: 

1)  Ground  level  (see  Figure  No.  10)  with: 

-  Loading  bay  and  adjacent  work  area 

-  Chemical  storage 
Mechanical  area 

-  Chlorine  storage  and  chlorinator  room 

-  Low  lift  pump  room 

-  Screen  and  grit  pump  room 

-  Emergency  power  room 

-  Filter  pipe  gallery. 

2)  Second  Level  (see  Figure  No.  9)  with: 

Public  entrance  lobby 
Administration  area 
Control  room 

-  Electrical  instriimentation  workshop 
Laboratory 

-  High  lift  pump  room 
Electrical  equipment  (MCC)  room. 

3)  Third  Level  (see  Figure  No.  8)  with: 

Filter  operating  gallery 

-  Flocculation  room 

Fluosilicic  acid  and  polyelectrolyt  feeders. 

Access  to  these  three  levels  is  by  means  of  centrally  located 
stairs  and  a  freight  elevator. 
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C:2     DESIGN  DATA 

C:2:a   Plant  Capacity 

The  water  treatment  plant  has  a  (nominal)  capacity  of  182  ML  (40 
MG)  per  day.  The  plant  is  capable  of  being  expanded  to  an 
ultimate  capacity  of  454  ML  per  day,  with  the  addition  of  more 
filters  or  adding  sedimentation  facilities  if  required. 

On-site  storage  of  treated  water  comprises  a  67.5  ML  reservoir 
plus  7.6  ML  clearwell. 

C:2:b   Factors  Affecting  Capacity 

The  water  treatment  plant  was  designed  to  serve  the  needs  of  the 
participating  municipalities  for  a  10-year  period;  construction 
of  the  plant  was  completed  in  1975. 

The  amount  of  treated  water  pvunped  to  consumers  on  26  June  198  3 
exceeded  the  treatment  capacity  of  the  plant.  The  treatment 
plant  must  be  expanded  to  meet  the  water  demands  of  the  areas 
currently  served. 

Water  supply  is  being  extended  into  East  Lambton  County.  An 
Environmental  Study  Report  dated  18  December  1985  describes  the 
selected  design.   Briefly,  the  system  comprises: 

-  Treated  water  supply  from  the  West  Lambton  Area  Water 
Supply  System  (treatment  plant  in  Sarnia) 

Ground  storage  reservoir  and  pumping  station  at  Highway 
No.  7  and  Plympton  Sideroad  No.  6.  This  is  the  central 
distribution  point  for  the  East  Lambton  System  and  will 
supply  "at  pressure"  to  both  the  Forest  and  Watford 
Subsystems 

-  The  Forest  Subsystem  will  supply  water  "at  pressure"  to: 
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Town  of  Clearwater 

North  and  West  Plympton  Township 

Southwest  lakeshore  area  of  Bosanquet  Township 

The  Town  of  Forest 

-      The  Watford  Subsystem  supplying  via  new  and  existing 
mains: 

Southern  Plympton  Township 

South  and  Central  Warwick  Township  including  the 

Hamlet  of  Warwick 

The  Village  of  Wyoming 

The  Village  of  Watford. 

On  construction  of  the  East  Lambton  Reservoir  and  the  trans- 
mission main  north  on  Plympton  Sideroad  No.  6,  the  Forest 
Subsystem  will  be  supplied  with  treated  water  from  the  West 
Lambton  System.  The  schedule  for  design  and  construction  of  the 
remainder  of  the  East  Lambton  Water  Supply  System  is  not  yet 
finalized. 

In  addition  to  the  East  Lambton  Water  Supply  System,  added 
demands  from  the  Kent  County  communities  of  Wallaceburg, 
Dresden,  Tupperville  and  the  Walpole  Island  Indian  Reserve  are 
highly  probable.  The  Interim  Stage  3  Report  "Evaluation  of 
Supply  Options  -  Lambton-North  Kent  Area  Water  Supply"  dated  2  6 
May  1986  recommends  supply  from  the  West  Lambton  System. 
Management  Board  of  Cabinet  has  approved  a  75  per  cent  subsidy 
for  construction  of  the  new  water  supply  system. 

The  combined  population  of  Wallaceburg  and  Dresden  is  about  25 
per  cent  of  the  population  currently  served  by  the  West  Lambton 
Water  Supply  System.  Addition  of  these  large  populations  will 
produce  a  corresponding  increase  in  water  demand. 
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Serviced  populations  for  the  participating  municipalities  were 
estimated  in  discussion  with  municipal  staff.  The  population 
served  by  the  water  treatment  plant  has  been  stable  for  the 
period  from  1983  to  1986,  at  approximately  76,000.  There  has 
been,  however,  a  shift  in  population  from  the  City  of  Sarnia  and 
the  Village  of  Point  Edward  to  the  Town  of  Clearwater. 

The  variation  in  average  day  demands  by  month  is  shown  as  a 
percentage  of  the  annual  average  on  Figure  No.  3.  In  the 
periods  January  to  April  and  November  and  December,  average 
daily  flows  are  about  85  per  cent  of  the  annual  average.  The 
monthly  average  day  flows  increase  from  April,  reaching  a  peak 
in  July  of  about  150  per  cent  of  the  annual  average,  then 
decrease  to  the  winter  values  in  November. 

As  the  average  day  demand  increases  in  warmer  weather,  the 
variation  in  daily  flows  also  increases.  Monthly  maximum  and 
minimum  daily  flows  are  plotted  as  percentages  of  monthly 
average  flows  on  Figure  No.  3.  During  the  winter,  the  daily 
flows  vary  by  about  ±10  per  cent  of  the  monthly  average  flows. 
In  summer,  minimum  daily  flows  are  about  80  per  cent  of  average: 
maximum  daily  flows  can  reach  160  per  cent  of  average.  On 
average,  maximum  day  demand  for  the  year  is  2.4  times  the  annual 
average  day  flow. 

The  average  "maximum  day  factor"  occurs  at  a  recurrence  interval 
of  2.3  years  on  the  Gumbel  Probability  Plot  on  Figure  No.  4. 
The  highest  maximum  day  factor,  based  on  annual  flows,  for  the 
12  years  of  record  is  2.65.   This  occurred  in  1983. 
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C:3     PROCESS  COMPONENT  INVENTORY 
C: 3:a   Intake 

Pipe:  179in  of  1675  run  diameter  concrete  pressure  pipe 

Intake  Location:  100m  into  River 
Intake  Depth:    12.8m  (average) 

Intake  Type:     Concrete  intake  pod  with  ten  1.52m  x  2.44m 
openings. 

The  mean  velocity  in  the  intake  conduit  is  0.94  m/s  at  180 
ML/day.  Velocity,  at  the  ultimate  design  capacity  of  454  ML/day 
is  2.4  m/s.  Because  of  the  short  conduit  length,  friction 
losses  are  low. 

The  inlet  structure  consists  of  a  2100  mm  diameter  manifold 
pipe,  15.2m  long,  laid  parallel  to  the  direction  of  flow.  Five 
1800  mm  diameter  vertical  pipes  feed  the  manifold.  An  inlet  pod 
of  glass  reinforced  polyester-coated  steel  is  mounted  on  each 
vertical  pipe.  Each  inlet  pod  has  an  inlet  area  of  about  7 . 5  m^ 
giving  a  total  inlet  area  of  37.5  m^  and  hence  an  inlet  velocity 
of  less  than  0.15  m/s  at  454  ML/day.  Water  enters  the  inlet 
pods  on  the  two  sides  parallel  to  the  flow  in  the  river.  The 
bottom  of  the  inlet  opening  in  the  pods  is  at  elevation  161.79m 
geodetic,  about  0.25m  above  the  armouring  surrounding  the  inlet 
structure.   The  inlet  openings  are  unscreened. 

Water  depth  over  the  inlet  pods  is  about  11m  at  low  water  level 
conditions. 

C:3:b   Screening 

Number:   Two 

Manufacturer:   Jeffrey 

Type:   Travelling  water  screen 

Size:   2.44m  wide  x  10.06m 

Screen:   #12  gauge  galvanized  steel  screen  wire  with  9.5mm  clear 

openings 
Speed:   50  mm/s 


C7 


The  intake  conduit  enters  the  low  lift  pump  area  located  in  the 
northwest  corner  of  the  treatment  plant.  Raw  water  flows 
through  coarse  screens  to  a  surge  well  and  the  low  lift  wet 
well. 

The  coarse  screens,  wet  well  and  low  lift  pumping  area  were 
designed  so  that  no  major  construction  will  be  required  to 
accommodate  flows  to  454  ML/day.  The  two  travelling  screens  are 
sized  for  4  54  ML/day. 

C:3:c   Low  Lift  Pumps 

Four  Byron  Jackson  Single  Stage  Vertical  Centrifugal  Turbine 
Pumps 


LLP2 


LLP  3 


LLP4 
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Size:   36"  RXM 

Capacity:   1050  L/s  §  21.6m  TDH  (90,000  mVd) 

Motor:   CGE  335  kW,  885  rpm 


Size:   28"  RXM 

Capacity:   420  L/s  @  21.6m  TDH  (36,000  mVd) 

Motor:   CGE  150  kW,  1160  rpm 


Size:   32:  RXL 

Capacity:   630  L/s  @  21.6m  TDH  (54,000  mVd) 

Motor:   CGE  225  kW,  1160  rpm 


Size:   36"  RXM 

Capacity:   1050  L/s  §  21.6m  TDH  (90,000  m'/d) 

Motor:   CGE  335  kW,  885  rpm 

Space  is  provided  for  a  total  of  six  low  lift  pumps  to  allow 
future  expansion  to  454  ML/day.  The  four  pumps  currently 
installed  have  a  firm  capacity  of  182  ML/day  (2090  L/s)  plus  one 
reserve  pump  (1040  L/s)  . 

The  low  lift  wet  well  is  divided  into  two  compartments  intercon- 
nected by  a  sluice  gate.   Each  compartment  is  normally  supplied 
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by  one  travelling  screen  and  has  space  for  three  pumps.  Two  low 
lift  pumps  are  currently  installed  in  each  compartment. 

Piping  and  a  grit  pump  have  been  provided  to  remove  settled  sand 
from  the  intake  wells  and  wet  wells.  The  grit  slurry  discharges 
to  the  filter  washwater  drain. 

The  low  lift  pumps  discharge  into  a  common  header  pipe.  The 
flow  is  then  divided  into  two  lines,  each  equipped  with  a 
flowmeter  and  in-line  flash  mixer. 

C:3:d  Flash  Mixing 

Number :   Two 

Manufacturer:   Cleveland  Mixer  Co. 
Type:   In-Line  INSTOMIX  FDBS 
Body  Size:   1200  mm  diameter 
Mixer  Motor:   5.6  kW,  1150  rpm 

Coagulation  is  the  process  of  destabilizing  colloidal  and 
dispersed  particles  in  raw  water  to  permit  agglomeration  of  the 
particles.  The  agglomeration  of  the  destabilized  particles  is 
termed  flocculation. 

The  coagulant  used  is  liquid  alum  (aluminum  sulphate) .  To 
achieve  the  instantaneous  dispersion  of  alum  required  for 
effective  coagulation,  there  is  a  1200  mm  diameter  in-line  mixer 
in  each  of  the  two  parallel  lines  feeding  the  flocculation 
basins.  Each  mixer  has  a  capacity  of  227  ML/day.  Each  mixer 
unit  has  two  multiple  turbine  agitators  in  parallel,  the  two 
impellers  of  each  agitator  produce  opposed  axial  flow  giving 
intense  mixing.  Alum  as  a  25  per  cent  solution  is  supplied  at 
8  points  uniformly  distributed  over  the  cross  section  of  the 
pipe  immediately  upstream  of  the  mixing  chamber. 
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C:3:e  Flocculation 

Tanks:   Six  (in  3  banks  of  2  tanks) 
Size:   7.01m  x  S.lSm  x  6.71m  deep  (each) 
Water  Depth:   5.5m 
Total  Volume:   1200  m' 
Flocculators: 

Number:   6 

Manufacturer:   Greey 

Type:    Lightnin  86-Q-50  Vertical  Turbine  agitator, 

complete  with  4 -blade,  1420  mm  impeller 

Motor:   37.5  kW,  1800  rpm 

Speed  Control:  AMPLI-SPEED  Magnetic  Drive,  25  to  100  rpm 
Maximum  Velocity  Gradient  (G)  :   100  sec'^ 
Minimum  Velocity  Gradient  (G)  :   20  sec"'' 

The  flocculator  banks  have  common  influent  and  effluent  chan- 
nels. Each  bank  is  equipped  with  influent  and  effluent  gates. 
Thus,  depending  on  flow,  water  characteristics  and  operating 
experience,  any  number  of  banks  of  flocculators  maybe  put  into 
service  to  obtain  optimum  flocculation  time. 

The  ranges  of  available  Gt  values,  with  all  flocculators  in 
service  (normal  operation) ,  for  the  various  low  lift  pump 
combinations  are: 

Flow  Maximum  Gt        Minimum  Gt 

182  ML/d  69,300  12,400 

127  ML/d  82,000  16,300 

90  ML/d  115,000  23,000 

54  ML/d  190,000  38,000 

36  ML/d  290,000  58,000 


C:3:f   Filters 

Number:   10 

Size:   9.14m  x  7.32m 

Total  Area:   669  m^ 

Type:   Constant  level,  equal  rate,  gravity 
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Media: 

8  Dual  Media  Filters 

Filter  Nos.  1  and  3  with: 

500  mm  of  1.5  mm  (effective  size)  anthracite 

250  mm  of  0.5  mm  (effective  size)  sand 

355  mm  of  support  gravel 

Filter  Ncs.  5  and  9  with: 

500  mm  of  1.0  mm  (effective  size)  anthracite 

250  mm  of  0.5  mm  (effective  size)  sand 

3  55  mm  of  support  gravel 

Filter  Nos.  2,4  6  and  10  with: 

500  mm  of  1.3  mm  (effective  size) anthracite 

250  mm  of  0.5  mm  (effective  size)  sand 

355  mm  of  support  gravel 

2  Mixed  Media  Filters  (Filter  Nos.  7  and  8) 

Filter  No.  7: 

420  mm  of  1.1  mm  (effective  size)  anthracite 

230  mm  of  0.5  mm  silica  (effective  size)  sand 

115  mm  of  0.25  mm  (effective  size)  ilmenite  sand 

250  mm  of  support  gravel 

Filter  No.  8: 

420  mm  of  1.3  mm  (effective  size)  anthracite 

230  mm  of  0.5  mm  (effective  size)  silica  sand 

115  mm  of  0.25  mm  (effective  size)  ilmenite  sand 

250  mm  of  support  gravel 
Underdrains:   Leopold  Dual-Lateral  Blocks 
Filter  Rate: 

Design:   11.7  m/hr 

Maximum  Hydraulic:   20.5  m/hr 
Backwash  Rate:   29  m/hr  to  60  m/hr 
Filter  Agitators: 
-      N\imber:   6  per  filter 

Manufacturer  and  Type:   Leopold  Palmer  rotary  surface 

washers 

Wash  Water  Rate:   2  6  L/s  to  45  L/s  per  filter 

The  filters  were  designed  for  a  filtration  rate  of  11.7  m/hr 
(4gpm/sq  ft) .  All  conduits,  pipes  and  other  components  of  the 
system  are  designed  hydraulically  for  flows  equivalent  to  a 
filtration  rate  of  20  m/hr. 

At  67  m^,  each  filter  will  handle  a  daily  flow  of  18.5  ML. 

The  filters  are  arranged  in  two  banks  of  five  filters,  each 
having  its  own  inlet  channel,  with  a  gated  interconnection  to 
the  parallel  channel.  Thus,  the  filters  can  be  operated  as  two 
independent  plants  if  desired. 
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There  are  eight  dual  media  filters  (sand  and  anthracite  filter- 
ing media)  and  two  mixed  media  filters  (containing  a  proprietary 
media  of  ilmenite  sand,  silica  sand  and  anthracite) .  The 
anthracite  layer  (top  layer)  has  been  replaced  on  some  filters. 

All  10  filters  are  equipped  with  effluent  turbidity  and  filter 
head  loss  sensors.  Two  filters  (one  dual  media  and  one  mixed 
media)  are  equipped  with  interface  (between  the  anthracite  and 
sand  layers)  turbidity  sensors  and  several  pressure  taps  to 
enable  monitoring  of  head  loss  through  the  depth  of  the  filter. 

During  filtration,  solids  accumulate  in  the  filter,  increasing 
the  pressure  required  to  drive  the  water  through  the  filter.  At 
a  preselected  pressure  drop  ("Terminal  Head  Loss")  of  about  2.5m 
of  water  column,  the  solids  must  be  removed.  This  is  done  by 
backflushing  the  filters  with  treated  water  (backwashing)  with 
agitation  of  the  media  by  rotary  surface  agitators  to  promote 
scouring  of  the  anthracite  and  sand  particles.  Note  that  in 
winter,  terminal  headless  is  seldom  approached  because  of  very 
clean  raw  water  and  low  filtration  rates.  The  filters  are 
backwashed  once  every  three  days  to  minimize  bacterial  growth  on 
the  filters. 

The  rate  of  flow  through  the  filters  is  automatically  controlled 
by  the  individual  filter  effluent  rate  controllers.  The  set 
points  of  the  effluent  rate  controllers  are  automatically 
adjusted  to  maintain  a  constant  water  level  in  the  filter 
influent  channels.  Regardless  of  the  variations  in  raw  water 
flow,  the  flow  will  be  split  evenly  among  the  filter  beds  in 
operation.  During  backwash  of  a  filter,  the  other  filters  will 
pick  up  the  load  for  the  out-of-service  filter. 

Filter  control,  and  in  particular  filter  backwashing,  is  carried 
out  from  the  filter  operating  gallery  using  the  controls 
provided  at  the  five  filter  consoles  (one  for  each  north-south 
pair  of  filters) . 
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Backwash 

Backwash  of  the  filters  must  be  initiated  manually.  The 
operator  has  a  choice  of  a  completely  manual  backwash  with  each 
step  controlled  from  the  filter  console,  or  a  programmed 
sequence.   Normally,  a  sequenced  program  is  used. 

The  backwashing  system  is  designed  to  provide  a  maximum  flow 
rate  of  60  mV^Vhr  (20  gpm/sq  ft)  .  Backwash  water  is  applied  to 
the  filter's  central  effluent  conduit  and  flows  upward  through 
the  filter  media  to  three  longitudinal  collection  troughs. 
These  troughs  discharge  to  a  transverse  gullet  into  the  wash- 
water  drain. 

Backwash  water  is  pumped  by  the  washwater  pump  (located  in  the 
high  lift  pump  room)  through  a  750  mm  diameter  washwater  header 
located  beneath  the  floor  of  the  filter  pipe  gallery.  Washwater 
flow  rate  is  controlled  by  a  flow  rate  controller,  providing  a 
low  rate  and  a  high  rate  backwash.  Both  backwash  rates  are 
adjustable.  In  the  event  of  malfunction  of  the  washwater  pump, 
backwash  water  can  be  obtained  from  the  high  lift  pump  header  by 
means  of  a  valved  interconnection,  complete  with  pressure 
reducing  valve.  The  current  MOE  design  guidelines  recommend 
against  connection  to  a  high  pressure  source  for  filter  wash 
purposes.   Details  of  the  backwash  pump  are  presented  below: 

Backwash  Pump 

Number:   One 

Manufacturer:   Byron  Jackson 

Type:   Single  Stage  Vertical  Turbine 

Size:   36"  RXM 

Capacity:   1100  L/s  @  19.8m  TDH 

Motor:   CGE  300  kW,  870  rpm 

Surface  Wash 

Surface  agitation  (sometimes  called  "surface  wash")  is  provided 
by  six  water-driven  rotary  surface  sweeps  in  each  filter.  The 
surface  agitation  system  is  designed  to  operate  at  a  flow  of  37 
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L/s  at  pressures  of  350  to  700  kPa.  It  is  currently  operating 
at  485  kPa  (70  psi)  .  The  surface  washwater  is  supplied  from  the 
high  lift  pump  header  via  a  pressure  regulator,  syphon  breaker 
and  check  valve,  together  with  a  motorized  valve  on  the  surface 
wash  pipe  to  each  filter. 

C:3:g  On-Site  Storage 

Clearwell 

Dimensions:   Two  cells,  each  34.5m  x  14.0m  x  7.9m  SWD 
Total  Volume:   7630  m' 

Reservoir 

Dimensions:   Two  cells,  each  60.8m  x  76.0m  x  7.3m  SWD 
Total  Volume:   67,500  m' 

On-site  storage  of  treated  water  provides  water  in  excess  of 
treatment  plant  capacity  to  meet  peak  demands  (peak  balancing) 
and  to  provide  a  reserve  for  f iref ighting. 

Storage  of  7.6  ML  (1.7  MG)  is  provided  in  the  clearwells  under 
the  filters.  A  further  67.5  ML  (15  MG)  is  provided  in  the 
two-cell  reservoir  north  of  the  treatment  plant  building. 

Storage  is  provided  to  satisfy  the  following  requirements: 

Peak  balancing  at  25  per  cent  of  maximum  day: 
45. ML 

Reserve  for  firefighting  at  680  L/s  for  ten  hours  for  a 
storage  requirement  of  24.5  ML. 

C:3:h   High  Lift  Pumping 

Six  Byron  Jackson  2-Stage  Vertical  Turbine  Pumps. 

HLPl 

Size:   37"  KXH 

Capacity:   1260  L/s  §  70.1m  TDH  (109,000  mVd) 

Motor:   CGE  1200  kW,  870  rpm 
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HLP3 


HLP4 


HLP6 


HLP8 


HIjP2 

Size:   30"  HXL  -  28"  KXH 

Capacity:   630  L/s  §  70.1m  TDH  (54,000  n^/d) 

Motor:   CGE  600  kW,  1160  rpm 

Size:   24"  KXH 

Capacity:   315  L/s  @  70.1m  TDH  (27,000  mVd) 

Motor:   CGE  300  kW,  1160  rpm 

Size:   37"  KXH 

Capacity:   1260  L/s  e  70.1m  TDH  (109,000  mVd) 

Motor:   CGE  1200  kW,  8709  rpm 

Size:   30"  HXL-28"  KXH 

Capacity:   630  L/s  @  70.1m  TDH  (54,000  mVd) 

Motor:   CGE  600  kW,  1160  rpm 

Size:   37"  KXH 

Capacity:   1260  L/s  §  70.1m  TDH  (109,000  mVd) 

Motor:   CGE  1200  kW,  870  rpm 

The  high  lift  pumps  pump  treated  water  into  the  distribution 
system.  Due  to  the  limited  storage  on  the  distribution  system, 
the  high  lift  pumping  capacity  must  be  adequate  to  meet  peak 
demands  and  fire  flow  requirements.  Design  maximum  day  plus 
fire  flows,  totalling  2680  L/s  (51  mgd)  can  be  met  with  the  two 
largest  pumps  out  of  service. 

Total  installed  capacity  of  the  high  lift  pumps  is  5355  L/s  (463 
ML/day  or  102  mgd) . 

Firm  capacity,  to  meet  peak  hourly  demands  (with  largest  pump 
out  of  service)  is  4095  L/s  (354  ML/day  or  78  mgd) . 

Firm  capacity  to  meet  fire  flow  requirements  is  2835  L/s  (245 
ML/day  or  54  mgd) . 

The  pumps  discharge  into  a  dual-manifold  system.  The  discharge 
pipes  from  the  individual  pumps  are  manifolded,  a  second 
manifold  feeds  the  distribution  system.  Plant  output  is  metered 
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between  the  two  manifolds.  All  major  piping  is  sized  to 
accommodate  future  flows. 

Water  flows  from  the  reservoir  to  the  high  lift  wet  well  through 
a  box  conduit  paralleling  the  reservoir  inlet  conduit.  The  wet 
well  is  divided  into  two  sections  which  can  be  dewatered 
individually  for  maintenance.  The  wet  well  may  be  supplied  from 
either  compartment  of  the  reservoir  or  directly  from  either 
compartment  of  the  clearwell.  Provision  is  also  made  for 
supplying  unfiltered  water  to  the  wet  well  in  case  of  emerg- 
encies. 

The  wet  well  can  accommodate  a  total  of  eight  high  lift  pumps 
plus  the  washwater  pump. 

Each  pump  discharge  line  is  provided  with  a  ball  valve  and  a 
butterfly  valve.  The  butterfly  valve  seirves  only  as  an  isolat- 
ing valve.  The  ball  valve  has  a  dual  function  as  an  automatic 
modulating  pressure  regulating  valve  and  a  check  valve.  On  pump 
start: 

-  The  pump  is  started  against  a  closed  ball  valve 

-  When  discharge  pressure  upstream  of  the  valve  has  reached 
a  preset  value,  the  ball  valve  slowly  opens  and  then 
modulates  to  maintain  manifold  pressure. 

On  a  normal  pump  stop  procedure: 

-  The  ball  valve  slowly  closes  with  the  pump  still  running 

-  When  the  valve  closes  to  a  preset  position  (nearly 
closed)  the  pump  stops 

-  The  ball  valve  then  closes  completely. 
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Under  power  failure  conditions,  the  ball  valve  acts  as  a  check 
valve,  closing  rapidly  to  match  pump  run-down  time. 

Over-pressure  relief  valves  and  surge  anticipator  valves  are 
provided  on  the  manifolds. 

C:3:i   Backwash  Disposal 

Filter  Washwater  Drain  and  Emergency  Intake 

Pipe:   114m  of  12  00  mm  diameter  reinforced  concrete  pipe 
Location:   100m  downstream  of  the  intake 
Depth  of  Discharge/Intake:   10.4m  (average) 
Discharge/Intake  Type:   1800  mm  diameter  steel  bellmouth 
Date  of  Construction:   1956 


Wastewaters  produced  are  from  the  backwashing  process  which 
removes  solids  accumulated  on  and  in  the  filters.  Solids  are 
from  two  sources:  raw  water  and  the  chemical  floe  produced  by 
alum  addition.  Additional  debris  from  the  screens  at  the  intake 
conduit  are  pumped  (using  the  grit  pump)  to  the  filter  washwater 
drain.  The  backwash  water  from  the  filters  and  the  debris  from 
screening  are  discharged  directly  to  the  river  downstream  of  the 
WTP  intake. 

Until  early  1986,  the  backwash  water  was  discharged  through  the 
plant  drain,  emerging  just  below  water  surface  less  than  0.3m 
from  the  river  bank.  As  shown  on  Figure  No.  6,  the  plant  drain 
discharge^  into  the  river  west  of  the  kiosk  below  a  public 
walkway  used  for  fishing.  The  plant  drain  is  intended  for  storm 
water  drainage  and  other  clean  water  discharges  from  the  site. 
The  discharge  of  filter  backwash  produced  a  sudden  outflow  of 
turbid  water  with  an  unsightly  surface  plume  which  clung  to  the 
river  bank. 

Backwash  water  is  now  discharged  to  the  river  through  the 
backwash  water  drain  about  100m  from  shore  and  in  more  than  10m 
of  water. 
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C:4     CHEMICAL  SYSTEMS 

C:4:a   Disinfection 

Two  chlorination  systems  are  provided: 

-  Prechlorination:  Chlorine  is  applied  at  the  raw  water 
intake  well.  Raw  water  can  be  superchlorinated  at  this 
point  to  oxidize  taste  and  odours  in  the  raw  water 

-  Post-chlorination:  chlorine  can  be  applied  to  treated 
water  at: 

-    the  inlet  conduit  of  the  storage  reservoir,  or 

the  outlet  conduit  leading  to  the  high  lift  pump  wet 
well. 

Beyond  this,  provision  is  made  for  manually  controlled  dosing  in 
the  high  lift  wet  well  for  emergency  use. 

Dechlorination,  using  sulphur  dioxide,  will  be  practised  if  the 
raw  water  is  superchlorinated.  Dosing  points  for  sulphur 
dioxide  are  the  same  as  the  post-chlorination  dosages  points  and 
either  sulphur  dioxide  or  chlorine  will  be  used  at  these  points. 
Superchlorination  for  taste  and  odour  control  has  not  been 
necessary  and,  as  a  result,  the  sulphonation  system  has  never 
been  used.  The  sulphonator  has  been  converted  to  a  stand-by 
post-chlorinator . 

Both  chlorine  and  sulphur  dioxide  are  supplied  in  similar  tonne 
containers,  as  described  below: 
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Chlorination 

Supply:   tonne  containers,  liquified  chlorine 

Evaporators:   2  W&T,  3600  kg/d 

Chlorinators 

Prechlorination:  One  W&T  V-800  (remote  manual  con- 
trol) with  450  kg/d  metering  tube  and  100  mm  vari- 
able throat  injector.  Two  12.9  L/s  §  3  0m  TDH 
booster  pumps 

Post-chlorination:  One  W&T  V-800  (residual  control) 
with  45  kg/d  metering  tube  and  50  mm  injectors  at: 
Conduit  to  reservoir 
Reservoir  (Valve  House) 
HL  wet  well  influent  channel 

Sulphur  Dioxide 

Evaporator:   1  W&T  1500  kg 
Sulphonator  (and  stand-by  chlorinator) 

One  W&T  V800  with  450  kg/d  metering  tube  and  100  mm 
variable  throat  injectors  at 
Conduit  to  reservoir 
Reservoir  (Valve  House) 
HL  wet  well  influent  channel 


Two  weigh  scales  are  installed:  one  for  chlorine,  the  other  for 
sulphur  dioxide.  Sulphur  dioxide  has  never  been  used  so  the  two 
scales  are  used  to  weigh  chlorine  for  prechlorination  and  for 
post-chlorination  separately. 

The  amount  of  chlorine  used  is  small.  Gaseous  chlorine  is  drawn 
directly  off  the  containers  and  heated  in  electrically-heated 
water  jacket  evaporators.   Chemical  feed  rate  is  controlled  by: 

One  duty  prechlorinator 

One  duty  post-chlorinator 

One  stand-by  chlorinator/sulphonator. 

The  gas  is  piped  under  vacuum  to  the  point  of  use.  The  vacuum 
is  produced  by  water-powered  injectors  at  the  points  of  use. 

Prechlorination  feed  rate  is  flow  paced  in  proportion  to  raw 
water  flow.  The  required  dosage  is  manually  set  on  the  main 
control  panel . 


C19 


Both  the  post-chlorinator  and  the  stand-by  chlorinator/ 
sulphonator  operate  on  compound  loop  control  with  feed  rate 
proportional  to  water  flow  (raw  water  flow  for  the  reservoir 
inlet  conduit;  high  lift  discharge  flows  for  the  reservoir 
outlet  conduit  dosing  point) .  Automatically  measured  chlorine 
residual  adjusts  chemical  dosage  rates. 

When  normal  prechlorination  is  practised,  the  post-chlorinator 
will  simply  "top-up"  chlorine  residual. 

When  prechlorination  at  a  superchlorination  range  is  used, 
post-chlorination  is  not  required.  However,  dechlorination  is 
required  to  reduce  the  high  free  residual  chlorine. 

A  single  analyzer/split  range  arrangement  is  used  for  control  of 
post-chlorination  or  dechlorination.  A  continuous  amperometric 
chlorine  residual  analyzer  determines  finished  water  chlorine 
residual.  An  associated  controller  compares  the  measured 
residual  with  the  set  point  (desired)  residual  and  generates  an 
output  signal  proportional  to  the  deviation  between  the  measured 
residual  and  the  set  point.  If  the  measured  chlorine  residual 
is  more  than  0.1  mg/L  above  the  set  point,  the  proportional 
signal  is  directed  to  the  sulphonator.  If  the  measured  residual 
is  more  than  0.1  mg/L  below  the  set  point,  the  proportional 
signal  is  sent  to  the  post-chlorinator.  The  proportional  signal 
alters  the  chemical  feed  rate  to  maintain  the  desired  chlorine 
residual  within  ±0.1  mg/L. 

C:4:b   COAGULANT 

Chemical  Used:    Liquid  alum  (49%) 

Metering  Pumps:   Two  BIF  1730  Quadraplex  pumps.   Two  heads  for 

alum,  two  for  dilution  water,  capacity  of  each 

head,  71.2  L/hr 
Feed  Rate  Control:  Flow  proportional  stroke  length 
Dosage  Adjustment:  Remote  manual  pump  speed  control. 
Dosage  Range:     3-25  mg/L. 
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Liquid  alvun  as  a  49%  AljCSO^),* lAHjO  solution,  is  delivered  in 
bulk  quantities  and  stored  in  two  37  000  L  fibre  reinforced 
plastic  tanks  located  in  the  chemical  storage  room. 

Two  metering  piomps  are  used  to  pump  the  alum  from  a  scale- 
mounted  1600L  day  tank  to  the  two  dosing  points.  Two  of  the 
four  pumping  heads  of  the  metering  pump  handle  alum,  while  the 
other  two  pumping  heads  handle  dilution  water. 

The  metering  pump  stroke  length  is  automatically  positioned  in 
response  to  a  signal  from  the  raw  water  meters. 

The  required  dosage  is  manually  set  at  the  main  control  panel. 
This  remote  setting  changes  the  speed  of  the  pump  motor,  a  dc 
motor  controlled  by  an  SCR  variable  speed  drive. 

C:4:c   Filter  Aid 

Chemical  Used:    Polyelectrolyte  (dry  or  liquid) 

Mixing  Tanks:     Two  3000  L  tanks  complete  with  eductors  and 

Lightnin  ND-4  mixers 
Metering  Pumps:   Two  BIF  Series  1700  Duplex  Pumps. 

Maximum  capacity  (each  head)  of  59.6  L/hr 
Feed  Rate  Control:  Flow  proportional  stroke  length 
Dosage  Adjustment:  Remote  manual  pump  speed  control 
Dosage  Range  with  3500  mg/L  Solution: 

0.006  -  0.06  mg/L 

The  system  is  designed  to  operate  using  either  powdered  poly- 
electrolyte supplied  in  bags  or  liquid  polyelectrolyte  in  drums. 
The  chemical  is  stored  in  the  solution  make-up  and  feed  area. 

Polyelectrolyte  solution  is  made  up  in  either  of  two  3  00L  mixing 
tanks . 

One  duplex  pump  is  provided  as  a  duty  pump,  the  other  serves  as 
a  stand-by.  Dilution  water  is  injected  immediately  downstream 
of  the  pumps  to  increase  line  velocities  and  to  provide  better 
dispersion  of  the  chemical  at  the  dosage  point. 
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Rotameters  are  provided  to  split  flows  to  each  dosing  point. 

Polyelectrolyte  as  a  filter  aid  (floe  strengthener)  can  be  added 
at  three  points: 

the  second  basin  of  each  bank  of  flocculators 
the  raw  water  channel  supplying  all  10  filters 
the  gullet  immediately  upstream  of  each  filter. 

C:4:d  Fluoride 

Chemical  Used:    Hydrof luosilicic  Acid 

Storage  Tanks:    Two  rubber-lined  steel  tanks,  each  14  m' 

capacity 
Day  Tanks:       Two  77 OL  polyethylene  tanks 
Metering  Pumps:   Two  BIF  Series  1700  Simplex  Pumps.  Maximum 

capacity  13  6  L/hr 
Feed  Pump  Control:  Flow  proportional  stroke  length 
Dosage  Range:     1  mg/L 

Hydrofluosilicic  acid  delivered  in  bulk  as  a  25  per  cent 
solution,  is  used  for  fluoridation  of  the  water. 

The  hydrofluosilicic  acid  is  pumped  to  day  tanks  located  in  the 
upper  level  chemical  room.  Each  of  the  day  tanks  is  mounted  on 
a  scale  with  loss-of -weight  recorders. 

Two  Simplex  metering  pumps  are  provided:  one  duty  and  one 
stand-by.  The  pump  motors  are  single  speed.  Each  pump  is 
equipped  with  an  automatic  stroke  positioner  which  responds  to 
a  signal  from  the  finished  water  meters.  Thus,  the  metering 
pump  doses  at  a  rate  of  1  mg/L  fluoride  automatically  at  all 
finished  water  flows. 

The  hydrofluosilicic  acid  is  added  to  the  reservoir  outlet 
conduit  upstream  of  the  high  lift  pump  wet  well. 
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C:5     SAMPLING  AND  ANALYSIS 

C:5:a  General 

Filter  effluent  turbidity  and  plant  effluent  free  chlorine 
residual  only  are  continuously  monitored.  Raw  and  treated  water 
turbidity,  pH,  treated  water  fluoride  concentrations  and 
prechlorination  free  chlorine  residual  are  analyzed  in  the  plant 
laboratory  on  samples  piped  to  the  laboratory  sampling  sink.  In 
addition  to  continuous  automatic  monitoring  of  treated  water 
chlorine  residual  in  the  conduit  from  the  reservoir  to  the 
highlift  wet  well,  the  treated  water  is  sampled  at  the  high  lift 
distribution  header  (and  piped  to  the  laboratory)  for  manual 
analysis  for  free  chlorine  by  the  DPD  method. 

Sample  piping  is  copper.  Details  of  the  sample  piping  to  the 
laboratory  are  as  follows: 


Pipe 

Vertical 

Flow 

Travel 

Pipe 

Length 

Rise 

Velocity 

Time 

Sample        D 

ia. (mm) 
13 

(m) 
65 

(m) 

fm/s) 
0.5 

fmin) 

Raw  Water 

15 

2 

Flocculator 

Inlet 

19 

32 

-4 

0.25 

2 

Flocculator 

Outlet 

19 

45 

-4 

0.25 

3 

Filter 

Influent 

19 

45 

-4 

0.25 

3 

Filtered  Water 

to  Reservoir 

13 

115 

8 

0.5 

4 

Filtered  Water 

to  H.L. 

13 

88 

8 

0.5 

3 

Sampling  points,  methods  of  analysis  and  frequency  are  shown  on 
Table  IV. 

Samples  are  analyzed  for  general  chemistry  by  the  MOE  London 
laboratory.  Samples  are  submitted  on  a  weekly  basis.  Analyses 
carried  out  are: 
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Total  phosphorus  (raw  only) 

-  Dissolved  reactive  phosphorus  (raw  only) 

-  Free  ammonia  (raw  only) 

Total  Kjeldahl  nitrogen  (raw  only) 
Nitrate  (raw  only) 
Nitrite  (raw  only) 
Reactive  silica  (raw  only) 

-  Conductivity 
pH 

-  Colour 
Turbidity 
Fluoride 
Calcium 

-  Magnesium 
Iron 
Chloride 

-  Hardness 

Total  alkalinity. 

MOE  London  and  Toronto  laboratories  analyze  raw  and  treated 
water  under  the  DWSP. 


Samples  of  raw  water,  treated  water  leaving  the  plant,  and 
treated  water  from  various  points  in  the  distribution  system  are 
taken  by  plant  staff  for  analysis  by  MOE  London  laboratory. 
Additional  samples  are  taken  by  the  Lambton  Health  Unit  staff 
for  analysis  by  the  Health  Unit.  The  number  of  samples  taken 
exceed  the  minimum  sampling  requirements  set  out  in  the  Ontario 
Drinking  Water  Objectives. 

C:5:b  Turbidity 

Turbidity  determinations  made  at  the  plant  agree  with  those  done 
by  MOE  laboratory  in  London  and  the  data  produced  by  MOE, 
Toronto  laboratory  for  the  DWSP.  Paired  values  show  random 
variation. 

C:5:c   Fluoride 

Fluoride  "residuals"  done  in  the  plant  are  consistent  with 
fluoride  dosages.  However,  there  is  some  disparity  between  DWSP 
data  and  the  corresponding  plant  data.  The  comparison  is  given 
in  Table  V. 


02  4 


dardlzed 
nst  HACH 
itandards 

•O   I 

o>  o 

N  5 

-<  ad  m 

•O         T3 

Vj    4J     W 

cd   to   <s 

•0 

•O     C  TJ 

'r4 

c  -^  "' 

c  -<  c 

1-1 

<B    « 

CO    td    CQ 

« 

4J    bO 

JJ    &0  U 

> 

CO     (8 

t/3     0)     01 

ce  Di 

XI    C 


Ji! 

u 

« 

4) 

01 

iJ 

» 

0) 

E 

T) 

V 

^ 

N 

«8 

•H 

i-l 

•o 

w 

4J 

<s 

V) 

T3 

C 

C 

CO 

0! 

Q  -w    1^   CM 


r^    0 

w 

Vj    CO 

0)    ^ 

r-l    14-1 

Vj 

u 

a.  u 

<u 

•T^    r-l 

(U 

ZC     0 

4J 

JD     0) 

0)     4.) 

U     S 

r-l 

U   T3 

c  <-< 

I— I  i4-i  fa  csi  in  ov 


D  ^    ^ 


^  = 


,-5  ^ 


"Residual" 

Dosage 

ma/L 

ma/L 

1.32 

1.35 

1.36 

1.43 

1.41 

1.25 

1.48 

1.28 

N.D. 

1.25 

1.24 

1.30 

1.21 

1.23 

1.41 

1.24 

1.40 

1.24 

1.46 

1.30 

1.38 

1.30 

1.42 

1.27 

1.41 

1.13 

1.36 

1.28 

TABLE  V 

COMPARISON  OF  FLUORIDE  ANALYSES 

Plant 

DWSP 
Date  ma/L 

15  November  1985       1.19 

2  December  1985  1.33 
10  December  1985       1.16 

6  January  1986  1.02 

13  January  1986  1.16 

20  January  1986  1.27 

28  January  1986  1.16 

3  February  1986  1.14 
12  February  1986  0.94 
17  February  1986  1.16 
23  February  1986  1.18 

4  March  1986  1.19 
19  March  1986  1.25 

8  April     1986        1.18 

Averages  1.17  1.37        1.27 

The  in-plant  analyses  for  fluoride  produces  results  that  average 
0.20  mg/L  higher  than  the  corresponding  DWSP  analyses.  The 
in-plant  analyses  are,  on  average,  higher  than  the  calculated 
dosages. 

Similarly,  comparing  MOE  London  fluoride  analyses  with  corre- 
sponding in-plant  data  (1985)  ,  the  in-plant  analyses  averaged 
0.20  mg/L  higher  than  the  London  laboratory.  Raw  water  has  0.1 
mg/L  background  level. 

C:5:d  pH 

A  comparison  of  in-plant  and  outside  laboratory  pH  results  on 
paired  samples  is  presented  in  Table  VI. 
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TABLE 

VI 

COMPARISON  OF 

DH  RESULTS 

Raw 

Water 

Treated 
DWSP 

Water 

Date 

DWSP 

Plant 

Plant 

15  November 

1985 

8.13 

8.3 

7.50 

7.4 

2  December 

1985 

8.15 

8.2 

7.49 

7.6 

10  December 

1985 

7.96 

8.4 

7.49 

7.6 

6  January 

1986 

7.88 

7.98 

7.42 

7.38 

13  January 

1986 

8.14 

7.81 

7.45 

7.34 

20  January 

1986 

8.11 

8.10 

7.51 

7.60 

28  January 

1986 

8.09 

8.06 

7.86 

7.53 

3  February 

1986 

8.09 

7.90 

7.68 

7.20 

12  February 

1986 

7.98 

7.92 

7.50 

7.45 

17  February 

1986 

8.05 

7.73 

7.40 

7.38 

2  3  February 

1986 

8.14 

7.69 

7.57 

7.20 

4  March 

1986 

8.08 

7.76 

7.57 

7.39 

19  March 

1986 

8.19 

7.68 

7.77 

7.23 

MOE  London 

MOE  London 

2  January 

1985 

8. 

.10 

8 

.4 

7, 

.73 

7, 

.9 

5  February 

1985 

8. 

.11 

8 

.3 

5  March 

1985 

8, 

.07 

8 

.3 

7, 

.66 

7, 

,7 

1  April 

1985 

8, 

.05 

7 

.7 

7  May 

1985 

8, 

.23 

8 

.3 

7  August 

1985 

8, 

.32 

8 

.5 

7, 

.80 

7. 

,6 

4  Sept. 

1985 

8. 

.45 

8 

.5 

7, 

.58 

7, 

,5 

1  October 

1985 

7. 

.80 

8 

.6 

8. 

.37 

8, 

,6 

4  November 

1985 

8. 

.06 

8 

.5 

7, 

.53 

7, 

,5 

3  December 

1985 

8. 

,02 

7 

.9 

7, 

.59 

7. 

.3 

7  January 

1986 

7, 

,80 

7_ 

5_9 

7, 

.61 

7, 

l3 

Averages 


8.08 


8.10 


7.62 


7.51 


The  plant  data  are  randomly  scattered  about  outside  laboratory 
results. 

Individual  analyses,  particularly  of  turbid  raw  water,  diverge 
markedly  from  the  laboratory  electrometric  (pH  meter)  determi- 
nations. 

C:5:e   Chlorine  Residuals 

Chlorine  residuals  in  the  treated  water  leaving  the  plant  are 
monitored  continuously  by  a  W&T  Chlorine  Residual  Analyzer.  The 
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treated  water  free  chlorine  residual  is  also  checked  every  four 
hours  in  the  plant  laboratory  using  the  HACK  DR2  (DPD  method)  . 
Prechlorination  residuals  are  monitored  on  a  four-hour  basis  by 
the  DPD  method  using  the  HACK  DR2. 

C:5:f  Algae  Enumeration 

Algae  counts  (phytoplankton  enumeration)  are  done  by  Mr.  S. 
Thompson,  a  plant  staff  member,  on  a  once-a-month  (approximate) 
basis. 

C:6     POWER  SUPPLY 

Power  supply  is  obtained  from  the  Sarnia  Hydro  at  27.6  kv, 
3-phase,  60  hertz  at  the  eastern  limit  of  the  plant  site.  High 
voltage  service  from  the  terminal  pole  to  the  plant's  substation 
is  underground.  At  the  outdoor  substation,  the  voltage  is 
reduced  to  2.4/4.16  kV  grounded  system. 

Power  distribution  within  the  plant  is  at: 

-      4,160  volts  for  high  lift  and  low  lift  pumps  and  backwash 
pump 

347/600  volts  for  all  other  motors  0.37  kW  and  larger  and 
for  electric  heaters 

120/208  volts  for  motors  smaller  than  0.37  kW,  lighting, 
receptacles  and  other  low  wattage  items. 

The  emergency  power  plant  consists  of  four  diesel  engine-  driven 
alternators.  Each  unit  has  a  V16  turbocharged  and  interceded 
1,800  rpm  engine  rated  at  1044  kW  (continuous).  The  rated 
output  of  each  alternator  is  1250  kVA.  The  rated  continuous 
output  of  the  four  units  is  4000  kW  at  a  0.8  power  factor. 
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on  power  failure,   the  units  are  started  and  synchronized 
automatically . 
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C:7   FIGURES  AND  PHOTOGRAPHS 

Figure  No.  1  Turbidity 

Figure  No.  2  Historical  Average  Day  Flow 

Figure  No.  3  Seasonal  Demand  Variation 

Figure  No.  4  Maximum  Day  Factor 

Figure  No.  5  Block  Flow  Schematic 

Figure  No.  6  Site  Plan 

Figure  No.  7  Plant  Layout 

Figure  No.  8  Treatment  Plant  -  Upper  Level 

Figure  No.  9  Treatment  Plant  -  Main  Level 

Figure  No.  10  Treatment  Plant  -  Lower  Level 

Figure  No.  11  Water  Production  and  Filter  Run 

Figure  No.  12  Residual  Aluminum 

Figure  No.  13  Plant  Schematic 

Figure  No.  14  Chlorine-Sulphur  Dioxide  Schematic 

Figure  No.  15  Air  and  Sampling  Schematics 
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MAXIMUM   DAY  FACTOR 


ST.    CLAIR    RIVER 


CHLORINE 


GRAVITY   INTAKE 


TRAVELLING 
SCREENS 


LOW   LIFT 
PUMPS 


ALUM 


RAPID 
MIX 


FLOCCULATION 


PROVISION    FOR 
POLYELECTROLYTE 


FILTERS 

(10) 


CHLORINE 


CHLORINE 
FLUORIDE 


RESERVOIR 


HIGH    LIFT 
PUMPS 


DISTRIBUTION 
SYSTEM 


TWO    2.44m    x    10.06m 
TOTAL    CAPACITY   454    ML/d 


TWO    1050   L/s   @  22m    TDM 
ONE    420    L/s    @  22m    TDH 
ONE   630   L/s   @  22m    TDH 

FIRM    CAPACITY   2100   L/s    (180ML/d) 


TWO    PARALLEL    IN-LINE    BLENDERS 
WITH    5.6    kW  MOTORS 


THREE    PARALLEL    BANKS    OF    2    TANKS 

SIX    27    kW   MIXERS    WITH    VARIABLE 

SPEED    DRIVE   :    25-100   RPM 

(G   =    20    -    100    S-'  ) 

DETENTION    TIME   :    9.5   MIN    @  180   ML/d 


SIZE    :     9.14m    x    7.32m    EACH 

UNDERDRAIN    :    LEOPOLD    BLOCK 

a   DUAL    MEDIA   FILTERS 

2   MIXED    MEDIA    FILTERS 

FILTER    RATE   12   m/h    @   180ML/d 


TWO   CELL 
TOTAL   VOLUME 


68    ML 


THREE    1260    L/s    ®   700    kPa 
TWO    630    L/s    @   700   kPa 
ONE    315    L/s   @   700    kPa 
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Treatment  Plant  Building  From  Southwest 


Plant  Grounds  Looking  West  Toward 
St.  Clair  River  and  Bluewater  Bridge 


Control    Room 


Laboratory 


Raw  Water  Screen  No.  1 


Raw  Water  Screen  No.  1 
(in  Foreground) 


Low  Lift  Pumps 


fl;.;iK--' 


Prechlorination  Booster  Pumps  (Blue)  and  Sump  Pumps  (Black) 
in  Northwest  Corner  of  Chemical  Storage  Room 


Alum  Day  Tank 

In-Line  Flash  Mixer 
(One  of  Two)  in  Top 
Left  of  Photograph 


Alum  Metering  Pump  and 
Solution  Distribution 
Panel 


Fluosilicic  Acid  Storage 
Tanks  with  Raw  Water 
Conduit  (One  of  Two)  Above. 
In-Line  Flash  Mixer  is  on 
Left. 

Note  the  whitish  deposit 
on  pipes,  ladder  and  chain 
operator . 


Floor  of  Fluoride  Storage 
Area  Damaged  by  Spills 


Fluoride  Feed  System 


Filter  Aid  (Polymer)  Mixing  and  Feed  System 


Flocculation  Inlet 
Channel 


Filters  (North  Side)  With  Filter  No.  2  in  Foreground 


Filter  Pipe  Gallery 


Filter  Panel  at  Westend  of  Filter  Gallery 


Filter  Control  Console  (For  Filter  Nos .  1  and  2) 
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Chlorine  Storage:   Gas  is  withdrawn  from  1-Ton  Containers 
Note  Background  Container  with  Hook-Up  to  Upper  Valve. 


Water  Jacketted  Evaporators 
Chlorinator  is  in  Storage. 


Note  that  the  Brown 


Chlorine  Residual 
Analyzer  in   Tunnel 
(for  Post  Chlorination 
Residuals) .   Note  CO2 
Bottle  in  Rear  (Replace 
Buffer  Formerly  Used) . 


High  Lift  Pxamps 


High  Lift  Discharge  Manifold  (on  Left)  and  Distribution 
Manifold  (Far  Right)  with  High  Lift  Pumps  (Background) 


Emergency  Generators 


Fuel  Storage  Tanks 


Electrical  Substation 


Electrical  Switchgear  Roc 


D.      PLANT  OPERATION 
D: l:a  General 

The  water  treatment  plant  is  staffed  24  hours  per  day.  The  18 
permanent  staff  members  comprise: 

-      Superintendent 

Assistant  Superintendent 

Foreman 

Clerk 

Three  Mechanics 

One  Instrument  Technician 

Six  Operators 

Three  Assistants 

One  Groundskeeper. 

The  staff  is  responsible  for  operation  and  maintenance  of  the 
treatment  plant  and  the  Ministry's  water  transmission  mains, 
storage  and  metering  facilities. 

The  water  treatment  plant  is  a  182  ML/day  (nominal)  direct 
filtration  plant  with: 

intake  in  the  St.  Clair  River  at  Lake  Huron 
two  travelling  screens 
four  low-lift  pumps 

two  in-line  blenders  for  rapid  mix  of  alum  for  coagu- 
lation 

high  rate  flocculation  in  three  parallel  trains  of  two 
flocculation  basins 
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ten  gravity  filters  rated  at  182  ML/day  at  a  filter  rate 
of  11.7  m/hr 

-  on-site  storage  comprising  7.6  ML  of  clearwell  storage 
and  a  2-cell  67.5  ML  ground  storage  reservoir 

six  high-lift  pumps. 

Design  capacity  of  the  plant  was  exceeded  in  1983. 

The  direct  filtration  plant,  designed  for  turbidity  removal  and 
disinfection  has  consistently  performed  well,  producing  water: 

-  with  turbidity  of  1.0  NTU  or  less  99.8  per  cent  of  the 
time  and  less  than  0.2  NTU  90  per  cent  of  the  time  over 
a  3-year  period  from  1983  to  1985  (See  Figure  No.l) 

-  with  three  samples  of  1416  showing  the  presence  of  total 
coliform  bacteria  in  water  leaving  the  plant. 

D:2     FLOW  CONTROL 

D:2:a   Low  Lift  Pumps 

Low  lift  pump  operation  is  controlled  by  reservoir  level.  The 
automatic  control  system  provided,  however,  is  not  used.  Low 
lift  pump  selection  is  made  manually  by  the  operator  antici- 
pating production  required  to  maintain  a  full  reservoir  based  on 
experience. 

Rather  than  relying  on  preset  reservoir  levels  to  automatically 
select  low  lift  pumps  (and  hence  treated  water  production  rate) 
manual  selection  permits  an  evaluation  of  rate  of  change  in 
reservoir  level  as  well  as  the  current  reservoir  level  and  the 
anticipated  demand.  The  number  of  changes  in  production  rate 
can  be  minimized. 
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D:2:b   High  Lift  Pumps 

The  high  lift  pumps  can  be  operated  automatically  with  starting 
and  stopping  sequences  controlled  by  the  water  level  in  the 
Indian  Road  elevated  tank,  located  in  the  southeastern  part  of 
Sarnia. 

However,  the  high  lift  pumps  are  manually  operated  to  maintain 
system  pressure  based  on  the  operators •  experience  with  changing 
demands  through  the  day.  Manual  selection  of  high  lift  pumps, 
like  the  operation  of  the  low  lift  pumps,  permits  anticipation 
of  demands  to  minimize  pump  starts  and  the  attendant  abrupt 
pressure  changes. 

Manual  pump  selection  has  worked  well  in  maintaining  even  system 
pressures. 

D:3     DISINFECTION 

It  has  not  been  necessary  to  superchlorinate  for  taste  and  odour 
control.  Hence  the  sulphonation  system  for  dechlorination  has 
never  been  used,  and  the  sulphur  dioxide  scales  are  used  for 
post-chlorination  chlorine  records. 

Maximum  daily  chlorine  use  and  dosages  have  been: 

Prechlorination   -  150  kg/day 

-  1.3  mg/L  dose 

Post-chlorination  -   40  kg/day 

-  0.55  mg/L  dose 

Maximum  usage  and  maximum  dosage  do  not  necessarily  coincide. 

The  chlorination  equipment  is  oversized  for  the  present  applica- 
tion.  The  chlorine  evaporators  are  still  used  even  though  a 
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tonne  container  of  chlorine  can  supply  200  kg/day  of  chlorine 
gas  without  serious  icing  problems. 

D:4     OPERATION  OF  SPECIFIC  COMPONENTS 

D:4 :a   Intake 

Sand  accumulates  in  the  intake  pipe  and  intake  well  (the  forebay 
in  front  of  the  screens)  in  drifts.  The  condition  is  particu- 
larly severe  during  storms.  The  sand  is  removed  twice  yearly 
from  the  intake  well.  Normally  three  12  m'  truckloads  are 
removed  each  time.  The  largest  quantity  noted  was  five  12  m^ 
truckloads.  Cleanout  of  the  intake  wells  requires  the  work  of 
four  men  for  two  days  per  well  per  1/2  year. 

Sand  deposition  in  the  intake  pipe  could  reduce  intake  capacity. 
Up  to  now,  it  has  not  been  a  problem. 

The  grit  pump  inlets  in  the  intake  well  plug,  usually  because  of 
waterlogged  wood. 

D:4 :b  Screens 

The  two  2.44m  wide  travelling  screens  strain  the  debris  from  the 
raw  water.  The  debris  is  lifted  in  screen  baskets.  As  the 
baskets  rise  into  the  screen  head  enclosure,  the  debris  is 
dislodged  by  water  jets.  The  debris  and  spray  water  are 
discharged  into  a  trough  and  sluiced  away  and  pumped  (using  the 
grit  pump)  to  disposal  through  the  filter  washwater  drain. 
Screen  operation  is  manually  initiated. 

Up  to  1.5m  of  sand  have  been  noted  piled  up  in  front  of  the 
travelling  screens,  rendering  the  screens  inoperative.  Sand 
accumulation  at  the  bottom  end  of  the  screens  contributes  to 
wear  on  the  roller  and  sprockets.  These  are  annual  replacement 
items. 
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D:4:c   Coacmlation  and  Flocculation 

Alum  is  used  as  the  prime  coagulant.  Dosages  normally  range 
from  5.0  mg/L  to  10  mg/L. 

All  three  banks  of  flocculation  basins  are  used.  Retention 
times  in  the  basins  range  from  9.5  minutes  at  plant  design 
capacity  to  58  minutes  using  the  smallest  low  lift  pump. 

The  vertical  turbine  flocculators  are  run  at  20  rpm,  their 
lowest  speed,  yielding  a  mixing  intensity  characterized  by  a 
calculated  velocity  gradient  G  =  20  sec'^. 

Hutchison  ("Operation  Variables  and  Limitations  of  Direct 
Filtration",  MOE  Research  Report  No.  W54)  concluded  that  the 
optimum  mixing  conditions  for  flocculation  prior  to  direct 
filtration  were  at  a  velocity  gradient  of  2  0  sec''"  for  10  minutes 
or  less. 

No  coagulant  aid  or  filter  aid  is  normally  used.  Facilities  for 
mixing  and  feed  polyelectrolytes  are  available. 

The  floe  produced  is  large  (about  3mm  diameter)  and,  therefore, 
visible.  The  literature  notes  a  need  for  dense,  small  floe  to 
obtain  long  filter  runs  in  direct  filtration. 

While  jar  tests  are  done  daily  on  a  routine  basis  and  more 
frequently  during  high  turbidity  episodes,  these  jar  tests  do 
not  reflect  process  conditions  in  the  plant.  Jar  tests  are  run 
with: 

Rapid  mix  following  alum  addition  at  120  rpm  for  2 
minutes 

Slow  mix  (flocculation)  for  20  minutes  at  20  rpm 
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Quiescent   settling,   during  which  turbidity  of  the 
supernatant  liquid  is  measured  at  5-minute  intervals. 

During  slow  mix  in  the  jar  test,  a  velocity  gradient  of  about  5 
sec"^  is  achieved  (Hudson,  H.F.,  "Water  Clarification  Processes", 
Van  Nostrand  Reinhold) .  To  obtain  velocity  gradients  similar  to 
the  plant,  slow  mix  would  have  to  be  increased  to  40  rpm 
(alternatively,  stators  could  be  installed  in  the  test  jars) . 
Evaluation  of  the  jar  test  is  based  on  settleability  of  the  floe 
(measuring  turbidity  of  the  supernatant) .  Direct  filtration 
requires  a  dense,  compact  floe,  not  necessarily  one  that 
settles.  The  plant  lacks  the  equipment  to  evaluate  a  jar  test 
for  direct  filtration. 

D:4:d  Filtration 

Despite  the  large  floe  produced  by  the  current  practices,  the 
filters  perform  well,  producing  filter  runs  averaging  more  than 
40  hours. 

The  filter  operate  at  variable  rates,  depending  on  low  lift  pump 
selection.  Each  filter  receives  the  same  rate  of  flow  as  the 
others . 

Head  loss  through  the  filter  depends  not  only  on  the  reduced 
porosity  of  the  filter  bed  due  to  deposited  solids  but  also  on 
the  rate  of  flow.  Thus  a  filter  operating  with  the  allowable 
head  loss  at  a  low  rate  of  flow  can  exceed  terminal  head  loss 
when  the  flow  is  increased.  Filter  rates  can  vary  from  1.8  m/hr 
(0.6  gpm/ft^)  with  only  the  smallest  low  lift  pump  on,  to  13.0 
m/hr  (4.3  gpm/ft^)  at  design  flow  with  one  filter  out  of  service 
for  backwashing. 

Filter  runs  are  shortest  in  May  or  early  June.  The  short  filter 
runs  have  been  attributed  to  high  diatom  levels  in  the  raw 
water.   An  examination  of  the  algae  data  from  1981  to  June  1986 
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summarized  in  Table  VII  show  no  increase  in  algae  levels  in  the 
May- June  period. 


TABLE  VII 

SUMMARY 

Of  ALGAE 

DATA 

Month 

Diatoms  fASU/mL) 

Total 

fASU/mL^ 

January 

316 

385 

February 

324 

401 

March 

368 

476 

April 

385 

496 

May 

341 

423 

June 

262 

314 

July 

77 

108 

August 

50 

117 

September 

133 

228 

October 

205 

358 

November 

181 

282 

December 

245 

359 

The  algae  levels  in  May  and  June  are  no  higher  than  during  the 
winter  when  the  filters  do  not  reach  terminal  head  loss  before 
they  are  backwashed.  Algae  levels  in  raw  water  at  the  intake 
decrease  in  summer.  The  algae  are  predominantly  diatoms.  An 
EPA  Publication  (Freshwater  Biology  and  Pollution  Ecology: 
Training  Manual,  EPA-4310/1-73-006)  states  "Many  diatoms  are 
more  abundant  in  late  autumn,  winter  and  early  spring  than  in 
the  warmer  season."  The  data  shows  June  as  a  transition  between 
the  high  winter  and  lower  summer  algae  levels.  October  appears 
to  be  the  transition  back  to  winter  conditions. 

The  decreased  filter  runs  correspond  to  periods  of  increased 
water  demand  (see  Figure  No.  li)  .  The  increased  flow  rate 
through  the  filters  increases  the  rate  of  deposition  of  solids 
on  the  filter,  thus  head  loss  increases  faster.  In  addition, 
the  increased  flow  rate  produces  higher  head  losses.  It  is 
suggested  that  the  extremely  short  filter  runs  (less  than  four 
hours  for  an  individual  filter)  are  a  result  of  a  high  demand 
(and  production  rate)  when  the  algae  is  still  at  its  high  winter 
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levels,  coupled  with  the  large  floe  produced  reducing  floe 
storage  in  the  filters  to  the  top  4  0  to  60  mm  of  anthracite. 

To  meet  water  production  requirement  under  short  filter  run 
conditions,  the  operators  "bump"  the  filters,  that  is,  the 
filters  are  given  a  short  backflushing  of  only  several  minutes 
to  lift  the  deposited  solids  thus  extending  the  filter  run. 
This  can  only  be  a  temporary  solution  since  the  solids  deposited 
within  the  filter  are  driven  further  down  into  the  filter, 
increasing  the  possibility  of  the  solids  breaking  through  the 
filter  ("turbidity  breakthrough") .  In  addition,  prolonged 
operating  in  this  fashion  could  lead  to  the  formation  of 
"mudballs"  if  the  solids  cannot  be  effectively  removed. 

The  filters  are  operated  as  two  distinct  banks  of  five  filters. 
With  one  filter  down  for  backwashing,  the  remaining  four  filters 
in  that  bank  pick  up  the  load.  The  change  in  filter  rate  can  be 
minimized  by  opening  the  interconnecting  sluice  gate,  spreading 
the  load  among  nine  filters. 

Both  high  water  demand  and  short  filter  run  days  occur  in  late 
spring  and  early  summer.  While  historical  data  from  1975  to 
1985  does  not  show  coincident  annual  maximum  day  demand  and 
shortest  filter  run,  the  occurrence  is  certainly  possible.  To 
some  extent,  the  short  filter  runs  are  brought  on  by  high 
demands:  head  loss  is  greater  at  higher  flows,  hence  filtration 
time  (filter  run)  to  terminal  headless  is  shorter. 

In  the  11-year  period  of  record,  minimum  filter  run  was  9.5 
hours  (average  of  10  filters  over  24  hours)  .  Note  that  all 
filters  do  not  perform  equally.  This  is  illustrated  in  Table 
VIII.  In  summary,  all  the  filters  produced  equal  filtered  water 
turbidity  of  about  0.1  NTU  at  termination  of  the  filter  runs  at 
a  headless  of  2.5m±.  Filter  runs  varied  during  the  short  filter 
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run  period  of  June  and  July  1983  and  May  and  June  1984  and  1985, 
as  follows: 


Average  Run  Average  Minimum 

for  Period  Run  for  Period 
Dual  Media 

-  with  1.5  mm  anthracite       43.9  hr  25.4  hr 

-  with  1.3  mm  anthracite       38.7  hr  20.3  hr 

-  with  1.0  mm  anthracite       34.1  hr  17.5  hr 

Mixed  Media                  33.5  hr  19.0  hr 


The  mixed  media  filter  with  1.3  mm  anthracite  had  filter  runs  10 
to  15  per  cent  greater  than  the  filter  with  1.1  mm  anthracite. 

The  water  produced  has  consistently  been  less  than  0.2  NTU,  the 
MOE  Southeastern  Region  Utility  Operations  objective. 

Filter  Backwashing 

Filter  backwashing  is  manually  initiated  when: 

-      Filter  reach  terminal  head  loss 

Filter  effluent  turbidity  increases  indicating  turbidity 
breakthrough 

The  filters  have  been  in  service  for  more  than  three 
days. 

Filter  runs  average  approximately  two  days,  that  is,  half  the 
filters  are  backwashed  on  any  given  day. 

During  the  period  1983  to  1986  inclusive  filter  runs  of: 

less  than  24  hours  occurred  6.6  per  cent  of  the  time  (96 
days  in  four  years) 


DIO 


-  less  than  18  hours  occurred  1.6  per  cent  of  the  time  (23 
days) 

-  less  than  15  hours  occurred  0.7  per  cent  of  the  time  (lo 
days) . 

Filter  runs  vary  from  three  days  in  winter  to  less  than  nine 
hours  during  the  high  demand/short  filter  run  period  in  late 
spring.  During  this  latter  period  some  filters  had  runs  of  four 
hours.   Filter  backwashing  was  continuous. 

Current  backwash  cycle  takes  2  0  minutes  with: 

Low  rate  backwash  at  3  0  m/h  L/s  for  five  minutes  to 
fluidize  the  bed  while  preventing  the  packed  bed  from 
lifting  and  washing  out 

High  rate  backwash  at  50  m/h  (current  rate)  for  15 
minutes  following  the  low  rate  wash 

Surface  agitators  are  run  from  start  of  low  rate  wash  to 
two  minutes  before  the  end  of  the  high  rate  wash  (18 
minutes) . 

On  average,  approximately  4500  m'  of  backwash  water  (7  per  cent 
of  production)  are  currently  discharged  daily. 

The  programmed  backwash  sequence  has  been  altered  to  permit 
surface  agitation  to  continue  through  the  entire  backwash 
sequence.  The  change  was  necessitated  by  filter  cleaning 
considerations  for  the  filters  with  larger  anthracite  (1.3  mm 
and  1.5  mm).  Bed  expansion  on  high  rate  backwash  of  50  m/h 
with  the  larger  anthracite  is  only  about  10  per  cent  instead  of 
the  desired  20  to  30  per  cent.  The  lack  of  bed  expansion  makes 
flushing  of  the  solids  from  the  filter  more  difficult,  hence  the 
surface  agitators  are  used  to  assist  flushing.   The  agitators 
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are  turned  off  before  the  high  rate  wash  is  completed  to  allow 
the  filter  bed  to  restratify. 

The  filters  are  efficiently  cleaned.  The  operators  report  that 
probing  the  filters  have  not  revealed  the  formation  of  mudballs 
which  are  a  sign  of  an  improperly  cleaned  filter. 

D:5     CHEMICAL  ADDITION 

Alvim,  an  acidic  solution,  is  used  as  the  prime  coagulant.  pH  of 
the  raw  water  is  high,  and  the  low  dosages  of  alum  used  do  not 
drop  the  pH  to  the  range  of  minimum  solubility  of  aluminum  salts 
(see  Figure  No.  12)  .  As  a  result,  residual  aluminum  in  the 
filtered  water  exceeds  a  desirable  objective  concentration  of 
0.1  mg/L  and  precipitates  in  the  reservoir.  Liquid  alum  is 
acidic:  the  addition  of  more  alum  would  reduce  pH  and  might 
reduce  residual  aluminum,  at  an  increased  chemical  cost  and 
shorter  filter  runs.  This  is  clearly  unacceptable.  Plant  staff 
is  currently  considering  the  use  of  commercially  available 
liquid  alum  with  a  higher  free  acid  content. 

Filter  aid,  in  the  form  of  polyelectrolytes,  has  never  been 
required  until  mid  February  1987  when  winter  storms  stirred  up 
sediments  in  the  lake  which  lacked  ice  cover. 

Fluoride  concentrations  in  the  water  to  the  distribution  system 
average  slightly  below  1.0  mg/L  because  unmetered  water  is  also 
fluoridated.  The  hydrofluosilicic  acid  is  dosed  to  the  reser- 
voir outlet  conduit,  paced  by  the  treated  water  meters.  During 
filter  backwashing,  the  water  flow  in  the  outlet  conduit  is  900 
L/s  greater  than  the  metered  flow. 

D:6     PLANT  OPERATING  RECORDS 

The  plant  operating  data  is  reported  monthly  on  the  MOE  Utility 
Monitoring  System  (UMS) .   Until  recently,  an  Atari  130XE  has 
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been  used  to  calculate  dosages  and  as  a  word  processor  for 
completing  the  forms. 

Calculation  of  chemical  dosages  at  the  plant  are  as  follows: 

-  Prechlorination:  calculated  dosage  is  chlorine  used  per 
day  (in  kg)  divided  by  raw  water  flow  (in  1000  cubic 
metres) 

-  Post-chlorination:  calculated  dosage  is  chlorine  used 
per  day  (in  kg)  divided  by  treated  water  leaving  the 
plant  (in  1000  cubic  metres) .  Note  that  the  chlorine  is 
weighed  on  a  separate  scale.  The  calculated  post- 
chlorination  dosage  is  higher  than  the  actual  dosage 
since  backwash  and  service  water  is  chlorinated  but  not 
metered  as  water  leaving  the  plant 

-  Alum:  alum  solution  used  is  weighed.  Alum  dosage 
equals  the  weight  in  kg  x  0.485  divided  by  raw  water 
flow  (in  1000  cubic  metres) .  The  bulk  liquid  alum  is 
48.5  per  cent  "Filter  Alum",  Alj  (SO^)3«14H20 

Fluoride:  the  quantity  of  hydrofluosilicic  acid  used 
is  weighed.  The  calculated  dosage  is  in  kg  hydrofluo- 
silicic acid  used  x  0.25  divided  by  treated  water  flow 
in  thousands  of  cubic  metres.  The  calculated  dosage  is 
higher  than  the  actual  dosage  since  backwash  and 
service  water  is  dosed  but  not  metered  as  treated  water 
leaving  the  plant. 

The  operating  records  show  internal  inconsistencies.  Examples 
of  these  are: 

Treated  water  flows  exceed  raw  water  flows  in  the 
period  from  February  1983  to  July  1983  (see  Table  1.0) 
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-  Treated  water  pH  higher  than  raw  water,  1  and  15  April 
1986,  11  and  12  May  1986  (see  Table  2.1).  All  chemi- 
cals added  during  treatment,  alum,  chlorine  and 
fluosilicic  acid  are  acidic 

-  Fluoride  "residual"  reported  as  0.00  when  hydro- 
fluosilicic  acid  was  being  used.  Examples  are  20  to  23 
February  1983,  13  January  1986.  These  and  others  have 
been  designated  "N.D."  (no  data)  in  Table  4.1. 

The  use  of  0.00  where  no  data  is  availcible  leads  to  confusion 
in  reading  the  records.  This  has  been  discussed  with  plant 
staff  and  will  be  remedied  on  programming  of  their  new  PC. 

Analyses  are  being  done  on  a  routine  basis  for  Chlorophyl  A 
and  Chlorophyl  B.  These  analyses  have  coincided  with  in-plant 
algae  counts  on  only  two  occasions  since  1983,  so  it  is  not 
possible  to  correlate  chlorophyl  concentrations  to  algae 
counts.  The  amount  of  chlorophyl  differs  for  different 
species  of  algae  and  hence  measurement  of  chlorophyl  does  not 
reflect  the  amount  of  algae  present.  MOE  Water  Resources 
Branch  is  reported  to  have  conducted  many  studies  to  determine 
whether  there  is  a  correlation  between  numbers  of  algal  cells 
and  Chlorophyl  A  concentration.  The  studies  have  consistently 
shown  no  relation. 
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E:      PLANT  PERFORMANCE  -  PARTICULATE  REMOVAL 

E:l     GENERAL 

The  raw  water  source  at  the  Lambton  Plant  is  Lake  Huron  and 
has  very  good  raw  water  quality.  Turbidity  is  less  than  lo 
NTU  94  per  cent  of  the  time  and  less  than  2  NTU  75  per  cent  of 
the  time.  The  maximum  recorded  turbidity  during  the  period 
1983  to  1986  was  98  NTU,  occurring  occasionally  during  storm 
events.  Maximum  water  temperature  is  22 °C;  temperatures  above 
20 °C  can  produce  complaints  of  unpalatable  water. 

The  treated  water  at  the  Lambton  Plant  is  well  within  all 
aesthetic  and  health  related  drinking  water  objectives/- 
guidelines  set  by  Ontario,  the  WHO,  USEPA  or  Health  and 
Welfare  Canada.  All  turbidities  were  less  than  1.0  NTU  during 
the  1983-86  period  and  90  per  cent  of  the  data  were  less  than 
the  MOE  Southwestern  Region  goal  of  0.2  NTU.  Most  of  the 
higher  treated  water  turbidities  occurred  before  1985.  In 
1985,  utility  operations  used  the  Lambton  Area  Water  Treatment 
Plant  to  assess  the  practicality  of  a  lower  turbidity  objec- 
tive. Treated  water  turbidities  were  consistently  lower  than 
the  0.2  NTU  objective  in  1985  and  in  1986  when  the  lower 
turbidity  goal  was  adopted. 

Filter  runs  average  40  hours.  In  summer  filter  runs  are 
terminated  on  head  loss.  In  winter  the  filters  are  backwashed 
because  they  have  been  in  service  for  three  days. 

E:2     COLD  WATER-HIGH  TURBIDITY  EPISODE  TN  1 QR7 

Turbidity  removal  has  not  been  a  problem  in  the  past,  particu- 
larly in  winter.  Water  demands  are  low,  permitting  low  filter 
rates.  Raw  water  turbidity  is  very  low  because  of  quiescent 
conditions  under  the  ice.  The  Winter  of  1986-87  was  unusual 
-  there  was  no  ice  cover.  Winter  storms  severely  eroded  the 
Lake  Huron  shoreline  and  stirred  up  sediments.  The  water  from 
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the  Canadian  side  of  the  lake  hugs  the  river  bank  in  a  well 
defined  plume  in  flowing  past  the  water  treatment  plant. 

A  major  storm  with  high  northerly  winds  occurred  on  8  February 
1987.  The  line  of  demarcation  between  the  clear  mid-lake 
water  and  the  turbid  near-shore  water  was  near  mid-river,  well 
beyond  the  treatment  plant  intake.  Table  XI  presents  operat- 
ing data  for  February  and  March.  The  water  was  cold,  result- 
ing in  ineffective  flocculation.  Polymer  was  used,  for  the 
first  time  in  the  plant's  history,  as  a  filter  aid.  Despite 
the  use  of  a  polymer  to  strengthen  the  floe,  filter  runs  were 
terminated  due  to  turbidity  breakthrough  rather  than  head 
loss.  Individual  filter  runs  of  less  than  four  hours  were 
experienced  with  filter  rates  in  the  range  of  3  to  5m/h 
(design  filter  rate  is  12  m/h) .  These  low  filter  runs 
increased  backwash  water  consumption  to  3  0  per  cent  of  net 
filter  production. 

The  winter-time  high  turbidity  episode  points  out  the  problems 
of  operating  a  direct  filtration  plant  under  these  unusual 
conditions.   Operational  problems  are: 

-  determination  of  coagulant  dosage 

-  flocculation  conditions 

-  monitoring  of  filtered  water  turbidity. 

E:3     DETERMINATION  OF  COAGULANT  DOSAGES 

During  most  of  the  year,  the  raw  water  is  of  excellent 
quality.  There  is  little  day-to-day  variation  in  alum 
dosages,  nor  is  there  any  need  for  changes. 

However,  during  storm  events  and  particularly  in  the  high 
turbidity  episode  in  February  and  March  1987,  current  jar  test 
procedures  have  been  ineffective  in  determining  coagulant 
dosages. 
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Laboratory  tests  for  alvim  dosage  are  run  as  standard  jar  tests 
with: 

alum  solution  pipetted  into  the  samples  at  the  surface 
(no  mixing) 

rapid  mix  at  120  rpm  for  two  minutes  following  alum 
addition 

slow  mix  (flocculation)  for  20  minutes  at  20  rpm 

quiescent  settling,  during  which  supernatant  turbidity 
is  measured  at  5-minute  intervals. 

The  jar  tests  use  a  Phipps  &  Bird  multiple  stirrer  with  flat 
paddle  blades  and  IL  raw  water  samples  in  1.5L  beakers. 

The  alum  used  in  jar  tests  has  sulphuric  acid  added  to  prevent 
precipitation  of  aluminum  hydroxide  from  the  dilute  solution. 
The  tests  done  in  the  laboratory  are  not  necessarily  at  the 
same  pH  as  the  plant  for  equal  alum  dosages.  Different  alvim 
stock  solution  strengths  are  used  depending  on  dosage.  A  more 
dilute  solution  provides  better  initial  dispersion  and  hence 
better  use  of  the  chemical. 

E:4     COAGULATION  AND  FLOCCULATION 

The  liquid  alum  is  injected  into  the  raw  water  at  the  two 
in-line  blenders.  The  alum  is  diluted  1:1  by  treated  water 
metered  by  the  second  pumping  head  of  the  dual-head  alum 
metering  pumps.  While  the  literature  cites  significant  alum 
savings  at  high  dilutions,  little  savings  can  be  made  at  the 
Lambton  Water  Treatment  Plant  which  averages  only  5  mg/L  alum 
dosage . 

All  three  banks  of  flocculation  basins  are  used  with  the 
flocculators  operated  at  their  lowest  speed.  This  results  in 
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a  large  visible  floe.  The  operators  use  the  presence  of 
visible  floe  as  an  indication  of  correct  chemical  dosage  and 
flocculation. 

E:5     FILTRATION 

The  filters  are  operated  at  varying  rates  to  maintain,  in  so 
far  as  possible,  a  full  reservoir.  There  are,  on  average, 
four  changes  in  filter  rate  in  a  day,  as  limited  by  the 
operator.  Increases  in  filter  rates  can  cause  turbidity 
breakthrough . 

The  filters  have  a  variety  of  media:  there  are  eight  dual 
media  filters  with  anthracite  sizes  of  1.5,  1.3  and  1.1  mm. 
The  other  two  filters  have  proprietary  mixed  media.  All 
filters  produce  equal  effluent  turbidities.  Those  dual 
filters  with  1.5  mm  effective  size  anthracite  produce  the 
longest  filter  runs.  The  dual  media  filters  having  the 
smallest  anthracite  and  the  mixed  media  filters  produce  the 
shortest  filter  runs. 

E:6     TURBIDITY  MONITORING 

Currently,  raw  water  and  treated  water  (high  lift  discharge) 
is  sampled  every  four  hours  and  turbidity  determined  in  the 
laboratory. 

In  addition,  the  following  on-line  turbidimeters  are  used: 

treated  water  (high  lift  discharge) 

one  turbidimeter  for  Filter  No.  7  effluent 

one  turbidimeter  for  Filter  No.  8  effluent 
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one  turbidimeter  for  Filter  Nos.  1,  3,  5  and  9, 
analyzing  turbidity  of  the  filter  effluents  sequen- 
tially on  a  20-ininute  cycle 

one  turbidimeter  for  Filter  Nos.  2,  4,  6  and  10 
analyzing  turbidity  of  the  filter  effluents  sequen- 
tially on  a  20-minute  cycle. 

E:7     FILTER  BACKWASHING 

The  current  practices  maintain  a  clean  filter  with  no  evidence 
of  mud  ball  or  filter  cracking.  There  are,  however,  several 
areas  of  concern. 

It  is  reported  that  the  surface  wash  nozzles  erode  and  are 
replaced  annually  at  a  cost  of  about  $20,000  per  year. 
Alternative  materials  of  construction  and  designs  have  been 
investigated. 

The  baclcwash  sequence  is  programmed  with  timed  intervals  for 
low-rate  and  high-rate  washes.  There  is  provision  for  manual 
extension  of  the  high-rate  wash  period. 


E5 


F:      PLANT  PERFORMANCE  -  DISINFECTION 

F:l     GENERAL 

Only  a  small  percentage  of  treated  water  samples  showed 
presence  of  coliform  bacteria.  Repeat  samples  were  negative. 

Treated  Water 

Analyses  of  treated  water  leaving  the  plant  during  the  3-year 
(1983-1985)  period  produced  the  following  results: 

-  3  of  1,419  samples  showed  the  presence  of  total 
col i forms 

-  2  of  382  samples  showed  the  presence  of  fecal  coliforms 

-  1  of  62  samples  showed  the  presence  of  fecal  strep- 
tococci. 

Resampling  did  not  confirm  the  contamination.  The  fecal 
organisms  may  have  resulted  from  sample  contamination  or  may 
have  been  an  isolated  event. 

Standard  plate  counts  (SPC)  were  consistently  below  500  organ- 
isms per  mL.  SPCs  measure  general  bacterial  population  and 
may  result  from  growth  on  the  filter  media.  An  objective  of 
500  organisms  per  mL  is  normally  used. 

Distribution  System 

Analysis  of  water  in  the  distribution  system  at  customer  taps 
over  the  3-year  period  produced  the  following  results: 

-  7  of  2,677  samples  showed  the  presence  of  total 
coliform  organisms 

2  of  585  samples  showed  the  presence  of  fecal  coliforms 
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All  139  samples  analyzed  indicated  an  absence  of  fecal 
streptococci . 

Resampling  did  not  confirm  the  earlier  detection.  No  further 
corrective  action  was  taken. 

All  35  samples  from  the  distribution  system  had  SPCs  lower 
than  500/mL. 

The  positive  results  probably  resulted  from  sample  contami- 
nation. 

F:2     CHLORINE  DISTRIBUTION  AND  RESIDUAL  MONITORING 

Free  chlorine  residual  in  treated  water  is  monitored  manually 
every  four  hours,  as  a  prechlorination  residual.  A  higher 
residual,  equal  to  the  distribution  system  residual,  should  be 
maintained  in  the  reservoir  to  ensure  disinfection.  We  are 
aware  that  operational  modifications  have  been  made  (October 
1987)  so  that  the  chlorination  point  in  the  filtered  water 
conduit  to  the  reservoir  is  being  used.  Continuous  on-line 
chlorine  residual  monitoring  and  recording  and  residual 
controlled  dosing  of  the  chlorinator  should  be  provided.  High 
and  low  level  alarms  should  be  installed. 

Top-up  chlorination  of  the  water  just  prior  to  high  lift  pump 
should  be  minimal,  only  enough  to  make  up  chlorine  dissipated 
during  storage. 

F:3     TRIHALOMETHANE  FORMATION 

Total  trihalomethane  concentrations  in  treated  water  average 
50  ug/L  compared  to  the  maximum  acceptable  concentration  of 
350  /ig/L. 
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G:      MODIFICATIONS  -  PARTICULATE  REMOVAL 

G:l     INTAKE 

Sand  enters  the  intake  during  storms.  As  a  result,  con- 
siderable quantities  of  sand  need  to  be  removed  twice  yearly 
from  the  intake  well. 

Short  Term:  In  the  short  term,  annual  inspection  and  cleaning 
of  the  intake  pipe,  if  required,  are  recommended. 

Long  Term;  Long-term  resolution  of  the  problem  will  be 
considered  in  the  preliminary  design  of  expansion 
and  upgrading  of  the  plant.  Relocation  of  the 
intake  or  redesign  of  the  existing  grit  handling 
system  are  under  consideration.  Such  solutions 
require  large  capital  expenditures. 

G:2     FLOCCULATION 

G:2:a  Determination  of  Coacmlant  Dosages 

To  date,  jar  tests  conducted  bear  little  resemblance  to  the 
actual  plant  process.  Modifications  to  the  jar  test  are 
required  so  that  the  tests  reflect  plant  processes. 

Current  tests  in  the  laboratory  are  not  conducted  at  the  same 
pH  at  which  the  process  is  operating  for  equal  alum  dosages. 
This  is  partially  due  to  the  fact  that  sulphuric  acid  is  added 
to  the  aliom  used  in  the  jar  tests  to  prevent  precipitation  of 
aluminum  hydroxide  from  the  dilute  solution.  This  is  not 
similarly  done  in  the  plant.  Provisions  for  monitoring  pH  in 
the  jar  test  to  ensure  that  it  is  similar  to  pH  measured  in 
the  plant  are  required. 

The  use  of  polyelectrolytes  as  a  coagulant  should  be  analyzed. 

During  slow  mix  in  the  jar  test,  a  velocity  gradient  of  about 
5  sec-1  is  achieved  (Hudson,  H.F.,   "Water  Clarification 
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Processes",  Van  Nostrand  Reinhold) .  To  obtain  a  velocity 
gradient  similar  to  the  plant  flocculators,  20  sec'\  slow  mix 
would  have  to  be  increased  to  40  rpm.  Alternatively,  stators 
can  be  installed  in  the  beakers. 

The  jar  tests  are  evaluated  on  the  basis  of  producing  a 
settleable  floe  -  this  is  not  a  necessary  or  desirable 
condition  for  direct  filtration.  The  plant  lacks  the  equip- 
ment and  techniques  to  determine  coagulant  dose  (for  colloid 
destabilization)  and  flocculation  for  direct  filtration. 
Plant  staff  have  complained  that  jar  tests  run  consecutively 
gave  contradictory  results. 

Jar  tests  done  by  Mr.  G.  Martin  were  evaluated  using  sand 
filter  columns  to  filter  the  flocculated  water.  The  filter 
columns  approximated  performance  of  the  plant's  filters. 

Coagulant  dosages  and  flocculation  for  direct  filtration  have 
also  been  evaluated  on  laboratory-scale  tests  using  filter 
papers  as  the  filtration  medium.  There  is  no  agreed-upon 
standard  filter  paper.  Researchers  have  used  a  variety  of 
filter  papers  including: 

-  Whatman  No.  40,  a  medium  retention  (8  /im)  and  medium 
filtering  rate 

-  Whatman  No.  41,  used  for  fast  filtration  of  coarse  or 
gelatinous  precipitates  (25  fxm   retention) 

Whatman  No.  54,  a  hard  paper  with  25  /im  retention  and 
very  fast  filtration 

Whatman  GF/A,  a  glass  fibre  general  purpose  filter  with 
1.5  Mm  retention. 
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The  filter  papers  are  easier  to  prepare  than  sand  filter 
columns.  The  various  filters  including  sand  columns  should  be 
evaluated  with  high  turbidity  raw  water. 

Short  Term;  Rapid  mix  and  flocculation  conditions  should 
be  altered  to  more  closely  approximate  plant 
conditions. 

Other  methods  of  evaluation  of  jar  tests  such  as  Zeta  Poten- 
tial Measurement  (for  determining  alum  dosage)  and  particle 
counters  or  pilot  filters  (to  optimize  flocculation)  are  time 
consuming.  Time  was  at  a  premium  during  the  February-March 
1987  period. 

Long  Term;  The  long-term  alternative  to  complex  laboratory 
determinations  of  coagulant  dosage  and 
flocculation  conditions  is  on-line  monitoring  of 
the  full-scale  plant  using: 

streaming  current  monitor  installed  down- 
stream of  the  in-line  blenders  where  coagu- 
lant is  added 

continuous  monitoring  of  head  loss  profile 
in  the  filters. 

The  streaming  current  monitor  measures  electrical  charge  on 
the  colloidal  particles.  Destabilization  of  colloids  depends 
on  neutralization  of  particle  charge  which  in  turn  is  a 
function  of  coagulant  (alum)  dosage.  Mr.  A.  Scott  at  the  Lake 
Huron  Water  Supply  System  estimates  alum  savings  of  more  than 
20  per  cent  using  the  streaming  current  monitor  to  adjust  alum 
dosages.  More  important  than  cost  savings,  the  decrease  in 
alum  used  at  the  Lambton  Area  Water  Supply  System  will  prolong 
filter  runs  by  reducing  solids  loading.    Further,  rapid 
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changes  in  water  quality  during  episodes  similar  to  that 
experienced  in  February  and  March  1987  can  be  accommodated. 

Efficient  flocculation  for  direct  filtration  produces  a  small 
dense  floe  which  penetrates  the  filter.  If  the  floe  particles 
are  too  large,  they  are  removed  at  the  surface.  If  they  are 
too  small  or  weak  they  penetrate  too  far  into  the  filter 
creating  the  potential  for  breakthrough.  Flocculation  energy 
(velocity  gradient) ,  flocculation  time  and  filter  aid  dosage 
should  be  adjusted  to  optimize  head  loss  distribution  through 
the  filter. 

Two  filters  are  equipped  with  pressure  taps  to  measure  head 
loss  through  the  depth  of  the  filters.  These  can  be  fitted 
with  differential  pressure  transmitters  to  provide  head  loss 
signals  to  the  control  room. 

Long  Term:  It  is  suggested  that  a  micro-computer  be  used  to 
generate  a  visual  display  of  head  loss  profile. 

Only  Filter  Nos.  7  and  8  have  turbidimeters  for  continuous 
monitoring  of  filter  effluent.  The  remaining  eight  share  two 
turbidimeters.  During  the  high  turbidity  episode,  filter 
breakthrough  at  a  filter  was  occurring  between  sampling 
intervals. 

Long  Term;  All  filters  should  be  equipped  with  their  own 
effluent  turbidity  meter  with  remote  turbidity 
indication  and  high  turbidity  alarm. 

G:2:b   Floe  Formation 

The  operators  use  the  presence  of  large,  visible  floe  as  an 
indication  of  correct  chemical  dosage  and  flocculation. 
However,  the  literature  cites  requirements  for  small,  dense 
floe  for  efficient  direct  filtration.  To  produce  the  smaller 
floe: 
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flocculation  energy  should  be  tapered, 

-  a  polyelectrolyte  should  be  considered  to  strengthen 
the  floe,  and 

-  flocculation  times  should  be  reduced  to  minimize  floe 
shear. 

A  reduction  in  flocculation  time  can  be  achieved  by  taking  one 
or  more  banks  of  flocculation  basin  out  of  service. 

Short  Term;  In  the  short  term,  temporary  lights  can  be 
installed  in  the  flocculation  room  to  help 
operators  to  assess  floe  formation. 

Long  Term;  In  the  long  term,  permanent  pool  lighting  (i.e., 
in  the  flocculation  basins)  should  be  installed. 

G:2:c  Use  of  Acidified  Alum 

The  low  alum  dosages  produce  pHs  above  the  minimum  solubility 
range  for  aluminum.  As  a  result,  post-precipitation  of 
aluminum  hydroxide  occurs  in  the  reservoir.  Plant  staff  is 
considering  the  use  of  liquid  alum  with  a  higher  free  acid 
content.  Better  control  of  pH  could  be  obtained  by  separate 
dosing  of  sulphuric  acid  based  on  pH  in  the  flocculation 
basin. 

Long  Term;  Provisions  for  sulphuric  acid  storage  and  feed 
facilities  with  pH  controlled  dosage  rate  should 
be  considered  in  the  long  term  for  better  floe 
formation. 
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G:3     FILTRATION 

G:3:a   Filter  Rate 

The  varying  rates  at  which  the  filters  are  operated,  an 
average  of  four  changes  in  filter  rate  per  day,  can  lead  to 
operational  problems.  For  example,  turbidity  breakthrough  can 
result  from  increases  in  filter  rates. 

To  minimize  the  frequency  of  filter  rate  changes,  the  peak 
balancing  storage  (45.5  ML  =  25%  of  nominal  plant  capacity) 
should  be  utilized  more  fully. 

Short  Term:   A  portion  of  the  peak  balancing  storage 
should  be  used  for  emergency  storage,  which 
will  also  minimize  the  need  for  frequent 
changes  in  filter  rate. 

The  design  peak  balancing  storage  is  not  sufficient  for 
present  maximum  flow  rates. 

Long  Term;  In  the  long  term,  an  increase  in  overall  storage 
will  be  required  for  emergency  storage  so  that 
maximum  flow  requirements  can  be  met  without 
sharp  increases  in  filter  rates. 

G:3:b  Media  Replacement 

Presently,  there  are  eight  dual  media  filters  with  anthracite 
sizes  of  1.5,  1.3,  and  1.0  mm.  The  other  two  filters  have 
proprietary  mixed  media. 

If  capacity  expansion  is  to  be  achieved  by  continued  direct 
filtration,  a  change  in  1.0  mm  anthracite  to  1.5  mm  is 
recommended.  The  dual  media  filters  with  a  1.5  mm  effective 
size  anthracite  have  been  shown  to  produce  longer  filter  runs 
than  the  filters  with  smaller  sizes  anthracite. 
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In  the  long  term,  sedimentation,  before  filtration,  should  be 
considered.  This  has  been  recommended  and  detailed  in 
Dillon's  "Lambton  Area  Water  Supply  System  Expansion  and 
Upgrading  Study"  (October  1987) . 

The  two  mixed  media  filters  should  be  changed  to  dual  media. 
The  mixed  media  is  expensive  and,  in  general,  mixed  media 
filters  produce  shorter  filter  runs  than  the  dual  media 
filters. 

To  prevent  inter facial  mixing,  the  sand  should  be  0.7  mm 
effective  size.  Currently  the  sand  is  0.5  mm.  However,  such 
a  replacement  would  require  a  large  increase  in  backwash  rate 
to  fluidize  the  bed. 

To  ensure  proper  gradation  of  the  media  is  maintained,  core 
samples  should  be  taken  every  4-5  years  for  sieve  analysis. 
The  depth  of  media  should  be  checked  and  maintained  at  the 
proper  level  at  least  once  per  year. 

G:3:c  Filter  Backwashina 

Annual  replacement  of  eroded  surface  wash  nozzles  have  been  a 
costly  expenditure.  Currently,  the  surface  wash  is  extended 
throughout  the  20-minute  backwash  cycle.  Erosion  of  the 
nozzles  are  the  result  of  repeated  abrasion  by  the  suspended 
sand  during  surface  sweeps  after  prolonged  use.  In  the  short 
term,  the  erosion  can  be  reduced  by  reverting  to  a  shorter 
surface  wash  sequence. 

In  the  long  term,  air  scour,  with  air  headers  being  located 
above  gravel  layers,  is  an  alternative  to  surface  wash. 

Currently,  the  backwash  system  operates  on  a  preprogrammed 
wash  interval  for  low-rate  and  high-rate  washes.  This  may 
waste  backwash  water.  Monitoring  of  the  turbidity  of  the 
backwash  with  automatic  shut-down  of  the  high-rate  wash  upon 
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attaining  a  preselected  low  turbidity  will  provide  some 
savings  on  backwash  water. 

G:3:d  Turbidity  Monitoring 

While  there  are  no  apparent  turbidity  peaks  on  start-up  of  a 
newly  washed  filter,  filter  controls  can  ensure  that  peaks  do 
not  occur.  Slow  start-up  of  the  filter  is  currently  practised 
and,  in  the  short  term,  will  prevent  turbidity  peaking.  In 
the  long-term,  provisions  for  automatic  filter  to  waste  should 
be  considered. 

The  turbidity  profile  in  the  filter  bed  should  be  monitored  to 
check  turbidity  levels,  not  only  after  backwash,  but  during 
normal  operation. 

During  the  high  turbidity  episode  in  1987,  turbidity  break — 
through  occurred  while  the  filter  effluent  was  not  being 
monitored.  Individual  on-line  turbidimeters,  complete  with 
recorders  and  high  turbidity  alarms,  are  recommended  for  each 
filter. 

Although  raw  water  turbidity  does  not  normally  vary  signifi- 
cantly, during  storm  events,  turbidities  can  change  rapidly. 
On-line  turbidimeters  should  be  provided  to  follow  changes  in 
turbidity  in  the  raw  water. 
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H:l     MODIFICATIONS  -  DISINFECTION 

H:l:a  Bacteriological  Sampling 

Irregularities  in  bacterial  sampling  suggest  the  need  for 
immediate  review  of  sampling  procedures  with  the  operator 
taking  samples.  Strict  adherence  to  sampling  procedures  is 
recommended . 

H:2     PRECHLORINATION  RESIDUAL 

Prechlorination  chlorine  residuals  have  resulted  in  corrosion 
problems.  In  the  flocculation  room,  corrosion  of  the  variable 
speed  contacts  have  been  observed.  The  filters  also  have 
corrosion  problems  due  to  chlorine  residuals.  It  is  suggested 
that  in  lieu  of  prechlorination,  that  only  the  backwash  water 
be  prechlorinated.  This  will  alleviate  further  corrosion  in 
the  flocculation  chamber  while  minimizing  chlorine  corrosion 
problems  in  the  filters  and  ensuring  that  filter  media  are 
disinfected. 

H:3     MINIMIZING  TRIHALOMETHANES 

To  minimize  trihalomethane  formation  in  the  future,  pre- 
chlorination dosages  could  be  reduced  such  that  only  a  low 
chlorine  residual,  one  sufficient  to  prevent  nuisance  growths 
in  the  filter,  is  maintained.  Post-chlorination  of  the 
filtered  water  will  maintain  residuals  in  the  reservoir  and 
ensure  disinfection. 

H:4     FLUORIDE 

Discrepancies  exist  between  DWSP  data  and  corresponding  plan 
plus  data  for  "residual"  fluoride.  Laboratory  technigues  need 
to  be  studied  to  identify  possible  causes  for  the  discrep- 
ancies. 

Dosing  of  the  treated  water  with  hydrofluosilicic  acid  should 
be  moved  to  the  inlet  conduit  to  the  reservoir  and  paced  from 
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the  raw  water  flowmeter.  Presently,  hydrofluosilicic  acid  is 
added  at  the  reservoir  outlet  conduit  and  is  paced  from  a 
meter  downstream  of  the  high  lift  pumps  (treated  water  meter) . 
Dosages  are  lower  than  they  should  be  since  backwash  and 
service  water  are  dosed,  but  are  withdrawn  and  not  metered  as 
water  leaving  the  high  lift  piimps. 
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I:      OTHER  MODIFICATIONS  -  SAMPLING  AN  ANALYSIS 

1:1     DETERMINATIONS 

Currently,  pH  is  determined  colorimetrically  in  the  plant 
using  the  Hach  DR2.  This  method  of  pH  determination  senses 
the  degree  of  dissociation  of  acid-base  indicators  by  measur- 
ing the  percentage  of  the  incident  light  transmitted  through 
the  coloured  solution.  This  method  is  affected  by  the  colour 
and  turbidity  of  the  water,  which  affect  light  transmittance, 
as  well  as  by  temperature,  the  ionic  strength  of  water,  and 
the  concentration  of  indicator  added. 

The  plant  should  equip  itself  with  a  pH  meter  with  a  tempera- 
ture compensating  device.  pH  meters  consist  of  a 
potentiometer,  a  glass  electrode,  and  a  reference  electrode. 
When  the  electrodes  are  immersed  in  the  test  solution,  a 
circuit  is  completed  through  the  potentiometer. 

1:2     OUTSIDE  LABORATORIES 

On  a  weekly  basis,  samples  are  analyzed  for  general  chemistry 
by  the  MOE  London  laboratory.  Discontinuation  or,  alterna- 
tively, less  frequent  sampling  is  recommended  since  the 
parameters  are  included  in  DWSP.  However,  the  MOE  (correspon- 
dence with  D.  Brown)  feel  that  the  weekly  sampling  and 
analysis  in  the  MOE  London  offices  should  continue.  DWSP 
results  from  Toronto  laboratory  requiring  a  longer  processing 
time  and  have  shown  some  inconsistencies. 

1:3     CONSTRUCTION  DRAWINGS 

Present  Drawings  of  piping  arrangements  and  process  flow 
sheets  should  be  updated  as  changes  are  effected.  Updated 
Drawings  will  be  produced  in  M.  M.  Dillon's  Plant  Expansion 
and  "As-Built"  Drawings  supplied  after  expansion  is  complete. 
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1:4     HYDROFLUOSILICIC  ACID  FACILITIES 

The  fluosilicic  acid  storage  and  feed  facilities  do  not  affect 
water  quality,  but  should  be  upgraded  for  safety  and  to 
improve  public  perception  of  water  quality.  Fluosilicic  acid 
in  the  air  at  the  feed  facilities  has  etched  the  window  in  the 
adjoining  corridor,  causing  the  window  to  appear  dirty.  By 
extension,  the  treatment  processes  might  appear  to  be  less 
than  ideal. 

1:5     CONTINGENCY  PLANNING 

The  water  treatment  plant  has  not  been  affected  by  any 
chemical  spill  in  the  lake  or  river.  Nonetheless,  there 
should  be  contingency  plans  in  place  to  protect  water  quality 
in  the  event  of  a  spill. 

1:6     SAMPLE  LINES 

Large  elevation  differences  and  long  lengths  of  some  sample 
lines  could  cause  settling  of  particles  to  occur  in  the  lines. 
Investigate  samples  for  changes  in  quality  in  the  sample 
lines.   Increase  velocities  in  the  lines  if  necessary. 

Copper  sample  lines  may  introduce  copper  in  the  samples. 
Investigate  copper  concentration  changes  in  the  sample  lines. 
Replace  sample  line  if  necessary. 
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CONSUMPTION 

!    1986 

1985 

1984 

1983 

Population  (1) 

83,051 

82, 900 

82, 744 

Maximum  Day  ( 2 ) 

137,540,000 

138,210,000 

120,880,000 

183, 400,000 

Minimum  Day  (3) 

51, 150,000 

47,920,000 

32, 100,000 

44, 500,000 

Average  Day  (4) 

"67,730,000 

~64, 480,000 

"61,600,000 

~68, 920,000 

Ratio  MD:AD  (5) 

1:2.03 

1:2.14 

1: 1.96 

1:2.66 

(1)  Estimated  population  served  (no  data  for  1986) 

(2)  Based  on  summer  population. 

(3)  Based  on  winter  population. 

(4)  Based  on  weighted  average  population  with 
summer  populations  for  3  months  and 
winter  populations  for  remainder. 

(5)  Ratio  of  maximum  day  to  average  day 
treated  water  flows  from  table  1.0. 
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1  TEMP. 
1  (  DEG . C ) ! 

i   4.00  1 
1   4.00  ; 

I  4.00  '; 
4.00  '; 

4.00  ! 

4.00  : 
3.00  '; 

3.00  i 

3.00  '; 
3.00  '; 
3.00  '; 
3.00  ': 

3.00  ! 

3.00  '; 
3.00  ': 

pH 

I  Treat, 
i   7.50 
;   7  .  50 
!   7  .  50 
!   7.60 
7.20 
7.30 
7.40 
7.  10 
7.00 
7.00 
7.  10 
7.10 
7.20  ! 
7.10  i 
7.30  ; 

1   Raw 
1   8.  10 
!   8 .  20 
!   8.20 
8.20 
8.00 
8.00 
8.10 
7.80 
7.30 
7.70 
7.70 
7.80 
7.80 
7.80  ; 
7.80  ! 

L  RES. 
rag/L) 

1  Treat. 

:'    META 
'.         Al  ( 

1   Raw 

tJ       '  "-^  1        1        1         1        1        1                                                                   '        ' 
<       '    "-  1        1        1        1        1                                                                   '        '        ' 

1        CU          1     M   1            r-        1            1            1            ,                                                           '            '            '            1            1 
1                     '      E    r            1            1            1            1                                                                 -                '            1            1            1 

1                     '            1            1            1            c                                                                                               '            '            '            ' 
1 '__      '    _       '            1            1            1            1            1            1            1 

:'  COAG. 

1   AID 
1  mg/L 

! COAGULANT 
1  (ALUM) 

!   mg/L 

!     0.00 

!     5.16 

5.64 

6.30 

0.00 

0.00 

0.00 

5.80 

5.70 

0.00 

0.00 

4.50  ; 

5.21  1 

3.87  ; 

4.95  ! 

1  -    !  -:    :    :    i    :    i    ;    7  '7""y"'"--7--7--7--7— - 

1        U          1      4)    1 I            '            '            ' 

~       '  ^  '        '        1        1        1        1        1        1        1        1        1                                ' 
K       1  ' ' ' '  __  '        '        1        1        1        1        1        1        1 

^     '  «  '     1     1     1  -  1     1     1     1     1     1     1  ^  i     ]     '     ' 

.'  fl  1  s  1  *  ;  2  i  ^  i  2  i  2  i  J3 '  ^  '  "  '  "^ '  '^ '  '^ !  o  ''  o  I  ^ 

.    ^    1    O   I    o    r    O    1    O    1    o    1    o    1    o    r    o    1    o    1    o    !    o    I    o    I    o    I    o    1    o 

'       '       '       '       1       1       1       1       1       1       !       '       '       '       '       ' 

TY  (FTU) 

IFiiter 

i   0.23 

:   0.26 

1   0.12 

0.12 

0.18 

0.21 

0.24 

0.  12 

0.08 

0.20 

0.27  ; 

0. 18  ; 
0. 11  ; 
0.25  ; 
0.  12  i 

TURBIDI 
:  Set. 

;   Raw 

:    0.50 

i   1.03 

'   1.28 

0.83 

0.45 

0.  44 
0.53 

1.  43 
0.56 
0.49 
0.53  ! 
4.78  ! 
1.38  ; 
1.07  i 
7.63  i 

w      !    !    :    1    ;    :    7  ■y""y"v-7--7--7--7-7---- 

l^            l'^;'^;"l''|'^'to,r-lool(j,,'ol^,'cN,lr,:^,',n 

-.  ^      ■    ''    :    :    i    i    i    i    i    i  '^  j  "^  i  '^  |  -^ !  -^ :  -^ 

TEMP .  ! 
(DEG.C)  1 

3.00  ': 
3.00  '; 
2.00  '; 
0.00  i 

1.00  i 

0.00  '; 

0.00  ! 
0.00  i 

0.00  ': 
0.00  '; 

0.00  i 
0.00  ' 
0.00  ' 
0.00 
1   0.00 
1   0.00 

Treat.  ; 
7.30  '; 
7.10 
7.70  ' 
7.30 
7.20 
7.10 
7.10 
7.  10 
7.70 
7.30 
7.40 
7.80 
7.80 
7.70 
7.40 
7.40 

P 

Raw   i 
7.70  ! 
7.80 
8.40 
8.10 
7.90 
7.80 
7.80 
7.80 
8.30 
8.10 
7.60 
8.60 
8.40 
8.30 
!   8.40 
:   8.10 

RES.   ; 
Treat.  1 

<  ^  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1 

is  i  ^  i    i    i    i    i    i    i    1    i    1    1    :    !    i    i    ; 

1    K    1           1           1           1           1           1           1           1           1           1           1           1           1 

PAC 
rag/L 

COAG. 
AID 

mg/L 

COAGULAHT 
(ALUM) 

mg/L 

4.91 

5.02 

4.92 

4.90 

5.00 

4.73 

4.98 

5.00 

5.49 

5.00 

5.00 

5.00 

3.85 

3.38 

3.36 

3.34 

i  (TCU) 
Treat. 

COLOUf 
Raw 

7.00 
7.00 

Treat. 
0.  18 
0.  10 
0.  11 
0.  10 
0.  11 
0.  14 
0.  18 
0.  13 
0.  12 
0.  13 
0.  13 
0.  13 
0.  13 
0.14 
0.15 
0.20 

PY  (FTU) 

Filter 
0.09 
0.09 
0.  10 
0.11 
0.11 
0.  19 
0.11 
0.  11 
0.  11 
0.  11 
0.  12 
0.  11 
0.12 
0.  16 
0.16 
0.21 

TURBIDI" 
Set. 

Raw 

6.  10 

3.60 

4.87 

3.40 

1.20 

1.  10 

0.94 

1.30 

1.07 

1.70 

3.87 

1.27 

0.97 

1.27 

1.01 

1.05 

H             iioit-iooiciioi^icMirii'^riuiioJii-icoioiioi'- 

2                   |-^l-'l-'l-'INICMIC\JI(S)l(\)ICvJlCMICMICMICMItnir5 

TEMP. 
(  DEG . C ) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
8.20 
7.40 
7.40 
7.30 
7.30 
7.20 
7.20 
7.20 
7.20 
7.30 
7.  10 
7.80 
7.30 
7.60 
7.50 

I 

Raw 

8.20 

8.?0 

8.  10 

8.00 

7.90 

7.80 

7.90 

7.90 

7.80 

7.90 

7.80 

8.30 

8.  10 

8.20 

8.20 

.  RES. 
ng/L) 

Treat. 

METAI 
Al  (r 

Raw 

O         1    J    1           1           1           1           1           I           1           1           1           1           1           1           1           1           ' 

a)        1    w  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1 
1    e 1         1         1        1         1         1 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

3.66 

5.33 

5.30 

5.36 

5.26 

5.28 

5.26 

5.33 

5.33 

5.63 
6.02 
5.63 
6.18 
4.73 

Treat. 
1.00 

1.00 

COLOUI 

Raw 
4.00 

4.00 

Treat. 
0.25 
0.19 
0.  18 
0.  17 
0.14 
0.  14 
0.19 
0.27 
0.  16 
0.  14 
0.28 
0.  18 
0.  17 
0.  16 
0.16 

FY  iFTUi 

Filter 
0.20 
0.  11 
0.  18 
0.  11 
0.  12 
0.  17 
0.31 
0.13 
0.  14 
0.32 
0.28 
0.17 
0.22 
0.  14 
0.  15 

TURBIDI 
Set. 

Raw 

2.47 

1.04 

1.42 

2.57 

1.85 

0.83 

1.48 

1.30 

0.96 

1.  13 

2.97 

1.00 

1.08 

1.16 

1.02 

1        1        1        1        1        1        1        1        1       V   '  "i"    " ",        1        1        ^1 
u           1        >'        1        1        1        1        1        1        1        1        1        1        '        I 
(^             i-'it^i"i-s.|ir)i(oii~iQo,cnioi^icvjiroi-riin 

TEMP.  1 
( DEG . C )  ! 

0.00  i 
0.00  i 
0.00  '; 

0.00  : 
0.00  ': 
0.00  ; 
0.00  ': 
1.00  ; 

1.00 
1.00 
1.00 
1.00 
1.00 

1 

Treat. 
7.50 
7.40 
7.40 
7.30 
7.30 
7.30 
7.30 
7.20 
7.20 
7.20 
7.20 
7.20 
7.10 

Raw 

8.20 

8.10 

8.40 

8.20 

8.20 

8.00 

8.30 

7.90 

8.00 

7.90 

7.90 

7.90 

7.80 

.  RES. 
ig/L) 

Treat. 

METAI 
Al  (n 

Raw 

U         1    J    1           1           1 1           1           1           1           1           1           1 

<        1    ^  1         1         1         1         1 1         1         1         1         1         1 

CL,            1      » 1              1              1              1              1              1 

IE 1 1            1            1            1 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.23 

4.92 

4.51 

4.58 

4.89 

4.79 

4.85 

4.74 

4.97 

4.80 

4.79 

4.80 

^  (TCU) 
Treat. 

1.00 

COLOU 
Raw 

7.00 

1               1     .  1        1         1 1        1        1        1        1        1         1        " 

1                 i*Jiioimi^ifnicvjiinicnir?icMtcoicjifOioi          i          i 

1        iSl'^l'^i'i'^i'ii'i;'^!"^!'^!'";'^;-^;'^:     ;     ; 

1                       l><IOIOIOIOIOIOIOIOIOIOIOIOIOI             1             1 

1              1        1        1        1        1 Ill 

TY  IFTU) 
.'Filter 

:     0.20 

0.15 
0.15 
0.  14 
0.  13 
0.  16 
0.11 
0.  14 
0.  14 
0.13 
0.  12 
0.  16 
0.35 

TURBIDI 
1  Set. 

!   Raw 
i   1.40 
1.43 
2.10 
1.42 
1.35 
2.02 
1.90 
1.83 
2.08 
2.95 
2.62 
0.89 
0.94 

w      :    1    ::::;;    1    ;■  V   y-y ---,--- 7-,—- 

H             |'0|f-i<»i<"ioi-iicMinir».,inicoic-i(oia)ioi-' 

<                   j-^-i-^l-IICvJIWICJICvJlCvJICVJICSJICMlCMICMlc^llO 

'       1       1       1       1       1       1       1       I       1       I       I       1       1       1       ' 

TEMF. 

( DEG . C ) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Treat. 
7.30 
7.30 
7.40 
7.40 
7.20 
7.30 
7.10 
7.60 
7.30 
7.30 
7.30 
7.20 
7.00 
7.  10 
7.30 

i 

Raw 

8.30 

8.30 

7.90 

8.00 

7.80 

7.90 

7.80 

8.20 

8.  10 

7.90 

7.90 

7.90 

7.80 

7.50 

7.90 

i  RES. 
Treat. 

METAl 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.80 

6.20 

6.40 

6.40 

5.90 

4.50 

5.70 

5.90 

5.90 

5.  40 

7.73 

8.04 

5.77 

5.77 

5.45 

?  iTCU) 
Treat. 

COLOUI 

Raw 
7.00 

1  .00 

2.00 

Treat. 
0.32 
0.37 
0.33 
0.  26 
0.  15 
0.  16 
0.  19 
0.  16 
0.  19 
0.  17 
0.22 
0.  18 
0.17 
0.  16 
0.  17 

FY  (FTU) 

Filter 
0.22 
0.26 
0.25 
0.  12 
0.  14 
0.20 
0.  16 
0.  15 
0.35 
0.24 
0.17 
0.  18 
0.  17 
0.16 
0.  17 

TURBIDI 
Set. 

Raw 
1.67 
1.33 
1.50 
1.30 
1.  10 
1.  10 
1.25 
1.03 
0.77 
2.40 
20.70 
16.20 
5.  10 
4.43 
11.60 

u        '      i      '      I      1      i      1      1      !      !      1      1      1      1      I 

H             i-'i'Mi'^i'*imitcii^iooia)ioi'-iicMioiTim 

TEMP .  ;' 
( DEG . C )  ! 

2.00  ': 

2.00  'l 
3.00  i 
3.00  ! 

3.00  ': 

3.00  'l 
2.00  \ 

2.00  ': 

1.00  i 
1.00  ' 
1.00 
1.00  ' 
2.00  ' 
1.00 
2.00 
2.00 

H 

Treat. 
7.10 
7.00 
7.80 
7.50 
7.40 
7.20 
7.20 
7.20 
7.20 
7.30 
7.20 
7.40 
7.  10 
7.  10 
7.30 
7.10 

P 

Raw 

7.70 

7.80 

8.50 

8.40 

8.10 

7.90 

7.90 

7.80 

7.70 

7.90 

7.80 

8.10 

7.80 

7.90 

7.80 

7.90 

RES. 
ig/L) 

Treat. 

<  - 1         1         1         1         1         1         1         1         1         1         1 

f- 1         1         1         1         1         1         1         1         1         1         1         1 

la-i  13 1        1        1        1        1        1        1        1        1        1        1 

T<   1    « 11 

:«!    :    1    :    1    1    :    1    :    i    1    I    I    :    1    1 

1    u     1  J  !      !      !      !      !      t      !      !      !      1      1      !      1      1      1      1 

1       <          1      X    1            1            1            1            1            1            1            1 1 

1      a.       1    »  1         1         1        1        1 1 

1                     1      S    1            1            1            1            1            1            1            1            1 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUMl 

mg/L 

5.75 

5.54 

5.06 

5.11 

4.99 

4.94 

4.92 

4.98 

4.92 

5.02 

5.02 

5.07 

4.62 

4.44 

4.74 

4.45 

^  (TCUi 
Treat. 

COLOUI 
Raw 

6,00 

9.00 

Treat. 
0.17 
0.  18 
0.  17 
0.15 
0.  13 
0.  18 
0.20 
0.  18 
0.  16 
0.  13 
0.12 
0.  14 
0.  14 
0.17 
0.  13 
0.13 

p        ii<ia)ir~i'Xiicoi->TioicMiir)ini-*i(^ic\)iooitDir5i'<r 

1       U.          1     *J    1            1        -1       .1       .1       .1       .1       .1       .1        .    1       .1       .1       .    ,       .    1       .    ,       .    ,       . 
—          I-^IOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIO 

t    !  i^j...j.-J..J..J.-L.i  _!  _ !    !!!!::: 

TURBID I 
;  Set. 

;   Raw 

;   9 .  70 

'   6.63 

3.95 

3.05 

5.25 

13.90 

14.70 

9.20 

5.70 

4.30 

'l.50 

3.40 

6.  10 

4.60 

3.00  '; 

5.30 

w        !!!!!!!'!!!!!!:!       1 

Q               I'^l'^l'^'-'f^ic^if^lCMiCMic-JiNicjicvjiCMinir, 

'      1      1      1      '      !      !      !      !      1      1      1      I      '      '      ' 

r 


TEMP. 
(DEG.C) 

2.00 
2.00 
2.00 
2.00 
2.00 

2.00  ; 

2.00  ' 

2.00  ; 
2.00  ': 

3.00  1 

3.00  '; 
3.00  ; 

3.00  i 
4.00  1 

4.00  ': 

Treat. 
7.30 
7.20 
7.40 
7.30 
7.40 
7.  10 
7.  10 
7.  10 
7.20 
7.  10 
7.00 
7.20 
7.20 
7.20 
7.  10 

Raw 

7.90 
7,90 
8.00 
7.90 
7.90 
7.90 
7.90 
7.80 
7.90 
7.80 
7.70 
7.90 
7.80 
7.70 
7.60 

^   RES. 
ng/L) 

Treat. 

META 
Al  ( 

Raw 

1                  1          1          r          1          1 1          1          1          1          1          1 

\  u    :^:    \ ::::;;;! 

1  <    1  V 1    1    1 1    1    1    1    1    1    ( 

1  '^    :  ?  1    :    i    :    i    ;    ;    1    :    1    ;    :    ;    :    ; 
1 J... '-.'..'..'._' _.'__ '  _ '  __ 

COAG. 
'   AID 

mg/L 

'coagulant 

'  (ALUM) 
mg/L 
4.50 
4.50 
4.50 
4.50 
4.40 
4.50 
4.50 
4.50 
4.60 
4.50 
4.50 
4.50 
4,50 
4,80 
5.00 

^  (TCU) 
Treat. 

1.00 
1.00 

COLOU 
'   Raw 

5.00 
4.00 

1  Treat. 
0.  16 
0,  15 
0.16 
0.  16 
0.15 
0.  15 
0.17 
0.  17 
0,  16 
0,  16 
0.  18 
0.  17 
0.  15 
0.  15 
0.  15  ' 

TY  (FTU) 

IFilter 
'   0.  15 

0.  15 

1 

0.  17 
0.  16 
0.14 
0.15 
0.22 
0.18 
0,  14 
0.  17 
0.18 
0.  17 
0.17 
0,  16 
0,  14 

TORBIDI 
1  Set. 

I   Raw 
;   5 .  60 
5.20 
6.90 
3.00 
2.70 
4.60 
4.70 
4.20 
5,50 
5.70 
2.90 
2.70 
2.70  '; 
2.00 

2.00  '; 

^                   ''^lt^ir^l-*linitDlt~IO>ICT5lol'^lC\)ir5ITIlO        1 

----°..-- ■-.- ■--.■- J-..1-.1J...1  J..J. J.:i7  7  7     1 

TEMP. 
(DEG.C) 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
4.00 
4.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 

Treat. 
7.10 
7.20 
7.  10 
6.80 
6.90 
6.80 
7.10 
7.  10 
6.90 
7.10 
7.20 
7.20 
7.10 
7.40 
7.10 

Raw 

7.60 

7.70 

7.70 

7.80 

7.70 

7.70 

7.80 

7.80 

7.80 

7.90 

7.90 

7.90 

8.00 

8.20 

7.70 

.  RES. 
Treat. 

METAl 
Al  (n 

Raw 

1       ;!;;:!;!:;;:;;;;; 

O          1    O 1 1 

<                1       ~-v      1                    1                    1                    1                    1                    1 

a.       1    u  1        1        1        1        1        1         1 1        1        1        1 

1     B    1 1           1           1           1           1           1           1           1           1           1 

COAG. 
AID 

COAGULANT 
(ALUM) 

4.90 
4.90 
4.80 
4.80 
4.80 
4.90 
4.70 
4.80 
5.10 
4.70 
4.50 
4.50 
4.50 
4.50 
4.50 

^  (TCU) 
Treat. 

3.00 
3.00 

COLOUl 
Raw 

6.00 
4.00 

;  Treat. 

'  0.12 
0.12 
0.  14 
0.12 
0.13 
0.  13 
0.  15 
0.  14 
0.  13 
0.  13 
0.  13 
0.  14 
0.  15 
0.15 
0.  15 

TY  (FTUi 

IFilter 
'   0.13 
0.  13 
0.  15 
0.  12 
0.13 
0.13 
0.15 
0.  14 
0.15 
0.  14 
0.  12 
0.  15 
0.14 
0.  15 
0.14 

TURBID! 
;  Set. 

1   Raw 
'   1.85 
3.40 
4.60 
3.80 
3.70 
3.00 
2.58 
2.97 
7.32 
4.63 
2.77 
3.90 
2.97  ; 
1.97 
1.88  ; 

Ul           i        i        1        '        !        1        1        !        !        1        1        1        1        1        1        ! 
f-;             '«''t-i<nioiioi-ii(MioiTriini(Oii--i<r)iaiioi-" 
O             [•^J'^]-^]-^|^i<^ic^iPJicvic\iicMicMipoic\iieoin 

TEMP. 
(DEG.C) 

5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
6.00 
6.00 
7.00 
7.00 
7.00 
6.00 
7.00 

H 

Treat. 
7.10 
7.10 
7.00 
7.00 
7.10 
7.00 
6.90 
7.00 
7.00 
7.00 
7.20 
7.  10 
7.20 
7,00 
7.20 

Raw 

7.90 
7.90 
7.80 
7.70 
7.80 
7.80 
7.80 
7.90 
7.70 
7.60 
7.80 
7.80 
7.70 
7.90 
7.90 

g/L) 
Treat. 

METAL 

Al  (D 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.50 

4.50 

5.50 

4.50 

4.50 

4.60 

4.60 

5.10 

7.50 

5.40 

4.  12 

4.69 

5.08 

5.01 

5.11 

I  iTCU) 
Treat. 

4.00 

coLour 

Raw 
3.00 

Treat. 
0.14 
0.12 
0.  16 
0.  14 
0.  13 
0.  15 
0.13 
0.  15 
0.  14 
0.  13 
0.15 
0.  18 
0.  15 
0.  13 
0.  11 

3        p     ijpinpcgpaDPif)pr)iir)ioiinpmp(Dir-ptoi-*iCMin 

U.         1     iJ    p       •    p       ■    p       .    p       .    p       .    p       .    p       .    p       .    p       .    p       .    p       .    p       .    p       .    p       •    p 

—           P^POPOIOIOIOIOIOIOIOIOIOIOIOIOIO 

^^          1    U.    1            1            1            1            P            P            p            p            1            p            p            p            P            P            P 

TURBIDIl 
Set. 

Raw 
1.70 
1.90 
1.08 
1.14 
1.48 
1.10 
1.30 
30.50 
20.70 
10.40 
9.68 
6.85 
3.78 
2.68 
6.53 

1         1         1         1         1         p         p         1         p         p         p         p         p         p         p 

U                1            i            1            1            1            p            p            p            1            p            1            p            p            p            p 

H                    l-HICgpt^PTTPUTPtOPC-PODPCnTOP— llt\lPOP-«>PlO 

Q              1          1          1          1          i          1          1          ;          1          p-pp-^p-p-ii^i-. 

TEMP.  1 
(  DEC. C )  1 

7.00  ': 
7.00  '; 

8.00  ': 

8.00  i 
8.00  '; 
8.00  i 

8.00  '; 

9.00  ! 

9.00  ' 

9.00 

9.00 

9.00 

9.00 

9.00 

9.00 

8.00 

H 

Treat. 
7.00 
7.20 
7.20 
7.10 
7.50 
7.40 
7.50 
7.50 
7.50 
7.50 
7.50 
7.40 
7.50 
7.50 
7.50 
7.50 

Raw 

7.80 

7.90 

7.90 

7.80 

8.10 

8.10 

7.80 

8.20 

8.30 

8.30 

8.30 

8.30 

8.30 

8.30 

8.50 

8.20 

i  RES. 
ig/L) 

Treat. 

METAI 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.02 

5.?7 

4.91 

4.82 

4.77 

4.62 

4.60 

4.42 

4.68 

4.65 

4.59 

4.50 

4.46 

4.54 

5.30 

R  (TCU) 
Treat. 

1.00 
3.00 

1 

COLOU 
Raw 

3.00 
1.00 

! 

i 

1 
1 

1 

1 

1 

1 
1 
1 
1 
1 

1 

1 
1 
1 

;  Treat. 
0.11 
0.12 
0.13 
0.15 
0.15 
0.14 
0.  14 
0.13 
0.10 
0.11 
0.  12 
0.  13 
0.11 
0.10 
0.  12 
0.25 

H     I  j;;j;:j|S^in,'2i;21''''^'''''^'"'^'*^''^''"'"^'^ 

1"              I4JI                 1                 1           .1           .1           .1           .1           .1           .|1|'^1"!|'^]"^]1|'1]'^ 

~          ]^'°'C>'C)I010IOIOIOI010IOIOIOIOIOIO 

>"     '  ><^  '      1      <      1      1      1      1      1      1      1      1      !      !      !      !      ! 

<3     '      '      '      I      1      1      1      1      1      1      1      1      1      1      !      !      1 
<n     1  .>j  1      1      1      1      1      !      1      !      !      1      ,'      !      I      !      !      I 

K        1     1'   1          1          1          1 

9         1    (/} 1           1           1           1 

^       '        <        ■        1        1        1        1        1        1 

1   Raw 
i   7.17 
1   4.93 
:   4.50 
3.50 
3.10 
2.30 
2.10 
1.70 
0.79 
0.80 
1.00 
0.81 
0.86 
1.05  i 
0.81  i 
0.65  i 

w            '         i         1         '         1         1         i         1         1         1         1         1         '         '         '         ' 
<              ;";-^;"|'^|~jcv'iCN),cvj,r.jicMicsj|cs)l"iSi°lo 

TEMP. 
(  DEG . C ) 

8.00 

8.00 

8.00 

9.00 

8.00 

9.00 

9.00 

9.00 

10.00 

10.00 

10.00 

10.00 

10.00 

9.00 

10.00 

H 

Treat. 
7.40 
7.70 
7.80 
7.60 
7.70 
7,70 
7.60 
7.60 
7.50 
7.50 
7.50 
7.60 
7.60 
7.60 
7.60 

Raw 

8.37 

8.42 

8.47 

8.40 

8.50 

8.50 

8.50 

8.40 

8.30 

8.30 

8.20 

8.30 

8.30 

8.30 

8.40 

RES. 
g/L) 

Treat. 

METAL 
Al  (n 

Raw 

1               1         1         1         1         1         1         1         1         1 II 

1               1         1         1         1         1         1         1         1        1         1         1         1         1         1         1        1 

1       U          1    J    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

<       1   \  1         1         1         I         1         1         1         1         1         1         1         1         1         1        1 
1     a.       1    Bf  1        1     - 1        1        1        1        1        1        1        1        1-       1        1        1        1 

1      6    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

1     do  1  o  1        1        1        1        1        1        1        1 1 

1     <-<  1   \  1        1        1        p        1        1        1        1        1 

1      0<    1     *   1          1          1          P          p          1          1          1 1          ' 

1      O         1     E    1          1          1          P          P          1          P          1 P          P 

1              '        '        '        '        '        p     _  p   _     p   _    1   __  '     __i  _'  __'__'__'_' 

COAGULANT 
(ALUM) 

4.08 
4.66 
4.58 
4.59 
4.56 
4.16 
4.56 
4.57 
4.55 
4.53 
4.97 
4.49 
4.33 

I  (TCU) 
Treat. 

1.00 

3.00 

COLOUr 
Raw 

2.00 

1.00 

Treat. 
0.28 
0.33 
0.40 
0.27 
0.  16 
0.11 
0.  12 
0.  12 
0.  13 
0.  12 
0.  11 
0.12 
0.11 
0.15 
0.14 

Filter 
0.29 
0.38 
0.36 
0.  15 
0.  13 
0.  11 
0.  12 
0.15 
0.  13 
0.  12 
0.  11 
0.  11 
0.  14 
0.  11 
0.  14 

TURBIDIl 
Set. 

Raw 

0.56 
0.65 
0.76 
0.67 
0.72 
0.75 
0.91 
1.08 
0.83 
0.81 
0.78 
0,92 
0.95 
0.84 
0.95 

t-              P'->iCMiroi-*pif)it£>it^ioojO)POP-<iCNjinirrio 

EMP. 
)EG .  C ) 

0.00 
0.00 
0.00 
0.00 
3.00 
3.00 
4.00 
L3.00 
13.00 
L5.00 
15.00 
16.00 
17.00 
17.00 
17.00 

_       1        1         1        .        1        1        1        1        1         1        1         1        1        1         1        1 

Treat. 
7.60 
7.60 
7.60 
7.60 
7.10 
7.20 
7.50 
7.50 
7.50 
7.60 
7.60 
7.60 
7.60 
7.50 
7.50 

E 

Raw 

8.40 

8.50 

8.50 

8.50 

8.50 

8.50 

8.50 

8.50 

8.50 

8.50 

8.60 

8.50 

8.40 

8.50 

8.50 

.  RES. 
Treat. 

1 

METAI 
Al  (r 

Raw 

PAC 
rag/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.46 

4.50 

4.51 

4.90 

2.10 

3.99 

3.70 

3.40 

4.35 

3.98 

3.71 

4.20 

6.25 

5.45 

4.77 

R  (TCU) 
;  Treat. 

4.00 

COLOU 
Raw 

2.00 

;  Treat. 

1  0.13 
0.  12 
0.14 
0.12 
0.20 
0.  17 
0.  15 
0.  14 
0.13 
0.  14 
0.  14 
0.  15 
0.13 
0.15 
0.12  ', 

TY  IFTU> 

IFilter 
1   0.  12 
0.12 
'   0.14 
0.13 
0.29 
0.16 
0.13 
0.  16 
0.15 
0.13 
0.13 
0.15 
0.13 
0.  14 
0.12 

TURBIDI 
1  Set. 

;   Raw 
!   0.94 
;   0.82 
0.97 
0.67 
0.67 
1.68 
0.95 
1.00 
1.  11 
1.02 
0.71 
0.77 
1.08  ! 
0.73 
0.59  1 

W                i            '            '            1            i            1            1            1            !            1            1            1            1            '            '            '              1 
t-                   ''£''~'"°l«»>101-<lfMin,v,,nilOit-,ooIo5loiw 

<              ;-'|-^|'-|--jCvj,r>j,cg,fg,(M,cvj,CM,cvjiCM,SISl.r. 

TEMP. 
DEG . C  )  , 

17.00 
17.00 
14.00  '; 
13.00  I 
13.00  '; 

16.00  ; 

6.00  i 

6.00  ; 
7.00  '; 
7.00  ; 
7.00  '; 
8.00  ; 

8.00  i 

8.00  '; 
7.00  ; 

;;-__  1    __  1          1          1          1          1          1          1          1         1          1          1          1          1          1 

pH 

1  Treat. 

':   7  .  50 

1   7.40 
7.50 

'   7.60 
7.60 
7.50 
7.40 
7.50 
7.50 
7.40 
7.70 
7.60 
7.60 
7.60  ; 
7.60  '; 

:   Raw 
8.30 
8.30 
8.40 
8.50 
8.50 
8.50 
8.50 
8.40 
8.50 
8.50 
8.50 
8.50 
8.50 
8.50 
8 .  50  ', 

\ 

L  RES. 
mg/L) 

1  Treat. 

I    META 
1    Al  ( 

1   Raw 

1            1       1       1       1       1       1       1       1       1       1       1       1    '7""7"'7"", 

'■J      1  -]  1       1       1       1       I       1       1       1       1       1       1       1       I       I       1 
<      1  ^  1       1       1       1       1       1       1       1       1 

0^          1     W    1            1            I            1            1            1            1            1 

1     E    1           1           1           1           1           1           1           1           1           , 

;'  COAG. 
1   AID 

1  mg/L 

i COAGULANT 
1  (ALUM) 

1   mg/L 

:     5.40 

4.60 

4.20 

5.30 

5.80 

4.60 

5.00 

4.90 

4.40 

3.  10 

5.60 

4.90  , 

4.80  ! 

4.60  1 

4.30  I 

R  (TCU) 
1  Treat. 

3.00 
1.00  ; 

i   COLOU 
1   Raw 

2.00 
2.00 

;  Treat. 

!   0.11 
0.  14 
0.16 
0.22 
0.21 
0.12 
0.  14 
0.  14 
0.  16 
0.17, 
0.23  i 
0.  19  1 
0.  16  ; 
0.  15  1 
0.  17  ; 

TY  (FTU) 

lEilter 
;   0.13 

;    0.14 

'   0.  16 
0.22 
0.20 
0.12 
0.13 
0.  14 
0.  18 
0.  25 
0.32  ! 
0.21  ! 

0.17  ; 

0.  17  i 
0.17  i 

TURBIDI 
;  Set. 

;   Raw 
;   0.77 
0.81 
'   0.83 
0.86 
0.81 
0.82 
0.87 
0.97 
0.88 
0.79  i 
1.  13  i 
0.98  i 
0.75  ; 
0.97  ; 
0.83  i 

W            '        1         '         1        1         1        1        1         '        ' ""l 

H            |-';'^'"|''|'"|<Ol^-lco,o>;ol-lc^Jlo,'^;u, 

TEMP.  ;' 
(  DEG  .  C  )  ;' 

18.00  '; 

17,.  00  i 
17.00  1 
17.00  1 

18.00  '; 

18.00  1 

18.00  '; 
18.00  ; 

17.00 
17.00 
17.00 
22.00 
22.00 
22.00 
22.00 
22.00 

H 

Treat. 
7.70 
7.60 
7.50 
7.40 
7.50 
7.50 
7.50 
7.50 
7.50 
7.60 
7.60 
7.60 
7.50 
7.50 
7.60 
7.50 

Raw 

8.50 

8.60 

8.30 

8.40 

8.30 

8.40 

8.50 

8.50 

8.50 

8.50 

8.50 

8.50 

8.40 

8.50 

8.50 

8.50 

i  RES. 
ig/L) 

Treat. 

1          <  — 1                T               1                1                1                1                1                1 

H          1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 
Iw-HcS r           1           1           1           1           1           1           1           1 

i£<iit)i         1         ,        ,        ,        1        1        1        1         1        1         1        1         1        1         1 

1    OJ    1            1            1            >            1            1            1            1            1            1            1            1            1            1            1            1 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.90 

4.80 

5.40 

4.90 

4.90 

5.00 

5.30 

4.30 

4.40 

3.70 

3.60 

3.40 

2.10 

5.10 

5.80 

6.60 

I  (TCU) 
Treat. 

1.00 
3.00 

CGLOUl 
Raw 

1.00 
4.00 

1  Treat. 
0.  19 
0.13 
0.17 
0.14 
0.14 
0.12 
0.  13 
0.15 
0.  15 
0.  15 
0.  17 
0.21 
0.36 
0.  16 
0.13 
0.11 

TY  iFTU) 

IFilter 
:   0.17 
0.  13 
0.18 
0.13 
0.14 
0.13 
0.  12 
0.16 
0.  14 
0.15 
0.15 
0.24 
0.34 
0.  14 
0.11  ' 
0.11 

TURBIDI 
;  Set. 

1   Raw 
i   0.85 
I   0.58 
0.75 
0.75 
0.68 
0.58 
0.44 
0.93 
0.83 
0.86 
0.51 
1.20 
1.11  1 
0.55 
0.67  1 
0.96  ! 

II,,,,,         , ^ ,---- ----^ -- 

Q              1                                             '^'^'<^icMicjicvjirg,po,c\j,cj,tnim 

--------- ■-i-'-J-J.-J..J...i.J... '  _.'      !       1 

TEMP. 
( DEG . C) 

18.00 
21.00 
21.00 
21.00 
21.00 
21.00 
22.00 
22.00 
22.00 
22.00 
21.00 
21.00 
21.00 
21.00 
21.00 

Treat. 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.60 
7.50 
7.50 
7.60 
7.80 
7.60 
7.70 
7.60 

Raw 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.  40 

8.40 

8.50 

8.70 

8.50 

8.60 

8.60 

.  RES. 
Jg/L) 

Treat. 

METAl 
Al  (n 

Raw 

PAC 
rag/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

7.32 

5.37 

6.14 

5.34 

6.85 

4.08 

3.98 

3.57 

3.98 

5.89 

6.25 

5.09 

6.88 

5.87 

5.32 

i  (TCU) 
Treat. 

1.00 
1.00 

COLOUT 
Raw 

1.00 
3.00 

Treat. 
0.10 
0.  10 
0.  11 
0.12 
0.  11 
0.  14 
0.  15 
0.21 
0.20 
0.  16 
0.  11 
0.11 
0.  11 
0.  11 
0.  10 

rV  (FTU) 

Filter 
0.11 
0.  10 
0.  10 
0.13 
0.11 
0.17 
0.  15 
0.21 
0.20 
0.16 
0.11 
0.  11 
0.  11 
0.  10 
0.11 

TURBIDI' 
Set. 

Raw 

1.  15 

0.49 

1.06 

1.03 

0.80 

0.94 

0.81 

0.79 

2.58 

2.28 

5.22 

6.70 

1.60 

1.30 

1,30 

1         1         ,         I         I     -.-----.-----.----- 

W               1           1           1           1           1           1           1           1           1           1           1           1           1           1           1 
t-            i^^tcvjiot-^ii/jitoit^iooiajioi-^icvjioi-^iir) 

*^                        1                 1                  1                  1                  t                  1                  1                  1                  1                  l*-l|^HI*-*l*-<|Y-l|^H 

<^            1         <         1         1         1         1         1         1                           1                                    1 

1 

TEMP.  1 
( DEG . C)  ! 

21.00  ! 
21.00  i 
21.00  i 
19.00  i 
18.00  i 
20.00  i 
20.00  i 
20.00  1 

20.00  ': 
21.00  '; 
21.00  '; 

21.00 

;  21.00 
;  21.00 
':  21.00 
';  21.00 

Treat.  1 
7.60  ' 
7.50  ' 
7.50  ' 
7.60 
7.50 
7.60 
7.60 
7.70 
7.60 
7,70 
7.70 
7.50 
7.50 
7.50 
;   7.60 
!   7,60 

P 

Raw   ; 
8.60  i 
8.50 
8.50 
8.50 
8.50 
8.50 
8.60 
8.50 
8.50 
7.90 
8.60 
8.40 
8.50 
8.40 
1   8.40 
1   8.50 

RES .   ! 
Treat. 

METAL 
Al  (it 

Raw   ; 

O        1    O    1          1          1          1 

<       1    ~v  1         1        1         1        1         1        

Ol,          1     ttl   1            1            1            1 ' 

1    e  1        1 '        ' 

COAG .    : 
AID 

mg/L 

COAGULANT 
(ALUM) 

4.32 
4.02 
3.98 
4.  13 
4.  14 
4.74 
5.84 
4.68 
5.06 
5.04 
4.52 
4.34 
4.35 
3.  10 
3.21 
4.74 

I  (TCU) 

Treat. 
1.00 

1.00 

1.00 

COLOUF 

Raw 
1.00 

3.00 

1.00 

Treat. 
0.10 
0.  12 
0.  13 
4.  14 
0.  11 
0,  12 
0.12 
0.  10 
0.  10 
0.  13 
0.  10 
0.  10 
0.09 
0.  12 
0.  16 
0.  12 

PY  (  FTU  1 

Filter 
0.  11 
0.  12 
0.13 
0,16 
0.13 
0.  11 
0.  11 
0.  10 
0.09 
0.  12 
0.  10 
0.  10 
0.11 
0.  14 
0.  15 
0.  11 

TURBIOr 
Set. 

Raw 

0.82 

1.10 

1.01 

1.02 

1.24 

1.46 

1.02 

0.83 

0.99 

1.55 

1.40 

0.51 

0.56 

0.59 

0.62 

0.88 

w      :    i     1    ;    :    1     1    ;     ;    !     ;     ;     1    ;     ;     ;     i 

H             itott-icoio)iot--<iCNj(foi-^)Lni(X)th~icoicDiof^ 

<                   1— '1^1— 'I^ICNJlCNJitNJtCsJlCNJICNllCgiCMiCNJiCMlfOlcn 

TEMP. 
(DEG.C) 

21,00 
21,00 
21,00 
21.00 
21.00 
22.00 
22.00 
21.00 
21.00 
21  .00 
21.00 
21.00 
21.00 
20.00 
20.00 

Treat. 
7.60 
7.60 
7.60 
7.70 
7.70 
7,60 
7.80 
7.60 
7.70 
7.70 
7,70 
7,70 
7,60 
7,60 
7.50 

1 

Raw 

8,60 

8.60 

8,60 

8.60 

8.50 

8.60 

8,60 

8,60 

8.60 

8,70 

8,60 

8.60 

8.50 

8.60 

8.60 

1    *.>  1        1         1         1         1         1         1         1         1         1         1         1         1         1         1 

1      O    1            1            1            1            1            1            1            1            1            r            1            1            1            1            1 
W-~iDr           r           1 1           1           1           I           r 

Ujjlt)!              1              1              1              1              1              1              1              1              1              1              1              1              1              1 
2\lt-l           1            1            1            1            r 

<  —    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            . 

(- c           1           1           r           1           1           1           1           1           1           1 

UJ-^|Jl           1           r 1           1           1           1           1           1           1 

S<i'«i           1           1           1           1           1           1           1           1           1           1           1           1           I           1 
1    OS    1           r           1           1           1           1           1           1           1           1           1           1           1           1           1 

PAC 

mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

3,70 

4.03 

4.26 

4.21 

3.87 

4.62 
4.63 
4.20 
3,69 
4.02 
4.27 
3.07 
4.73 
4.58 

^  (TCU) 
Treat. 

COLOm 
Raw 

1,00 
3.00 

Treat. 
0.  14 
0.  14 
0.  13 
0.13 
0.09 
0.  13 
0.22 
0.  16 
0.  11 
0.  12 
0.  13 
0.13 
0.23 
0.26 
0.17 

TURBIDITY  (FTU) 

1  Set.   IFilter 
i   0.15 
;   0.15 
':   0.11 
i   0.11 
!   0.09 
!   0.22 
!   0.22 
!   0.22 
:   0.12 
!   0.12 
!   0.12 
!   0.16 
i   0.32 
!   0.19 
';   0.14 

;   Raw 
1   1.09 
1.31 
0,81 
0,62 
0,36 
0,49 
0.48 
0.49 
0.47 
0,63 
0.72 
0.57 
0.76 
1.  10 
0.71 

W             '         1          1          1          1          1          1          '          1          1          1          1          1          1          J 
'        '        '        1        1        1        1        1        1        1        1        1        1        !        1 

TEMP .  ;' 
( DEG . C ) : 

20.00  '; 

19.00  ': 

19.00  i 

19.00  '; 
20.00  '; 
19.00  : 

18.00  1 

17.00  ': 
17.00  '; 
17.00  '; 
17.00  ; 

17.00 

;  17.00 

!  17.00 

':  17.00 

Treat.  ; 
7.60  ! 
7.50  ' 
7.60  ' 
7.60 
7.50 
7.50 
7.70 
7.60 
7.60 
7.30 
7.50 
7.60 
7.60 
7.70 
1   7.80 

P 

Raw   ; 
8.60  ! 
8.40 
8.50  ' 
8.40 
8.50 
8.40 
8.60 
8.50 
8.40 
8.  10 
8.40 
8.40 
'   8.40 
:   8.40 
;   8.40 

RES.   i 
g/L)    1 

Treat.  : 

METAL 

Al   (IT 

Raw   ; 

PAC 
mg/L 

COAG .  1 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.70 

4.75 

4.70 

4.74 

4.77 

4.78 

3.95 

3.48 

3.28 

3.37 

3.29 

4.  11 

i    (TCU) 
Treat. 

2.00 

COLOUF 
Raw 

2.00 
3.00 

Treat. 
0.13 
0.12 
0.11 
0.11 
0.13 
0.  12 
0.  14 
0.  13 
0.  15 
0.  16 
0.  17 
0.26 
0.36 
0.38 
0.40 

rV  (FTU) 

Filter 
0.13 
0.11 
0.13 
0.12 
0.14 
0.  14 
0.13 
0.  16 
0.  16 
0.18 
0.  16 
0.37 
0.40 
0.42 
0.29 

TURBIDI' 
Set. 

Raw 

0.71 

0.93 

0.85 

0.64 

0.64 

1.67 

0.91 

0.63 

0.64 

0.57 

0.61 

0.61 

0.60 

0.75 

0.97 

,,           1        1         1        1        1        1        1        1         1        1        .         

U               1 1           1           1           1           1           1           1           1           1           1 

h;              i^i<^looi05ioir-ii(voiniTrtmrtr>ic-iODiO)ioiTH 

g                   I'-'I'-ll'HI'^ltMIMICMItMICOICMIOOItNJICMlCMiniri 

EMP,  i 
EG .  C )  ;' 

7.00  i 
7.00  1 
7,00  ': 
7,00  i 

7,00  ': 

7.00  ! 
7.00  i 
7,00  i 

15.00  i 

15.00  ' 

15,00 

15,00 

15,00 

15,00 

14,00 

^    Q     I'",,;,,,     ;     liii     1     1     1      1 

Treat. 
7.50 
7,50 
7.50 
7.50 
7,50 
7,50 
7.50 
7,50 
7.50 
7.50 
7,50 
7,40 
i   7.40 
!   7.50 
!   7  ,  50 

P 

Raw   1 

8,50 

8,50 

8.40 

8.40 

8.40 

8.40 

8.40 

8.20 

8.20 

8.20 

1   8.30 

:   8.30 

';   8 .  20 

!   8  .  30 

';   8 .  30 

RES .   ! 
g/L)    j 

Treat, 

METAL 
Al  (m 

Raw   1 

PAC   1 
mg/L 

COAG .  i 
AID   ' 

mg/L 

COAGULANT  i 
(ALUM)   1 

mg/L 

5.60 

4.98 

5.01 

5.11 

5.22 

4.63 

0.00 

2.20 

4.92 

4.54 

3.88 

0,00 

0.00 

0,00 

1     0  00 

COLOUR  (TCU) 
Raw   1  Treat. 

1,00  i   1.00 
1.00  ;   1.00 

Treat. 
0.19 
0,  13 
0.  11 
0.11 
0.  12 
0.13 
0,  14 
0,28 
0,31 
0,22 
0.  12 
0.  11 
0,24 
0,37 
0,45 

Y  (FTUl 

Filter 
0.  16 
0,  11 
0,  13 
0.  11 
0,12 
0,  14 
0.  19 
0,32 
0,22 
0,  15 
0.13 
0.  18 
0.45 
0.47 
0.46 

TURBIDIl 
Set. 

Raw 

0.89 

0,  93 

0.78 

0.81 

1.23 

0.75 

0.77 

1.78 

3.68 

2.42 

1.23 

0.93 

0.96 

0,95 

1.29 

1                      1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

1             W                1            1            1            1            1            1            1            1            1            1            1            I            1            1            1 
1           t-             irfifMioi-*iinitoir-ioci05ioi-^icMioi'*im 

<             1          1          1          1 ^   ,    ^   ,    ^   ,    ^   ,    ^   ,    ^ 

Q 1 

EMP. 
EG.C) 

4.00 
4.00 
4.00 
4.00 
3.00 
2.00 
2.00 
1.00 
LI. 00 
LI. 00 
LO.OO 
10.00 
LO.OO 
10.00 
10.00 
10.00 

H 

Treat. 
7.50 
7.60 
7.50 
7.70 
7.70 
7.50 
7.50 
7.50 
7.50 
7.40 
7.60 
7.60 
7.50 
7.40 
7.30 
7.40 

F 

Raw 

8.30 

8.30 

8.60 

8.30 

8.30 

8.30 

8.30 

8.30 

8.20 

8.20 

8.20 

8.20 

8.20 

8.20 

8.30 

8.30 

RES. 
ig/L) 

Treat. 

METAI 

Al     (D 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

0.00 

p. 00 

0.00 

2.60 

5.60 

7.30 

6.90 

4.60 

0.00 

0.00 

5.90 

9.40 

9.50 

9.20 

9.50 

9.40 

^    (TCU) 
Treat. 

1.00 
3.00 

COLOUI 
Raw 

1.00 
5.00 

Treat. 
0.41 
0.38 
0.39 
0.41 
0.40 
0.19 
0.16 
0.27 
0.22 
0.32 
0.39 
0.30 
0.16 
0.10 
0.09 
0.10 

lY    (FTU) 

'Filter 
0.42 
0.39 
0.43 
0.48 
0.24 
0.12 
0.  14 
0.36 
0.26 
0.46 
0.47 
0.12 
0.  10 
0.10 
0.09 
0.10 

TURBID I 
:    Set. 

1       Raw 
i       1.75 
0.68 
0.82 
1.30 
1.60 
1.80 
0.90 
0.90 
1.30 
0.87 
1.99 
3.38 
1.31 
5.32 
1.87    i 
3.77 

W         1       1       1       1       1       1       1       I       I       1       1       1       1       1       1       1 

H             ''°i'~-i<oi<''ioi-HicMiniTriiniiDit~ioDimioi'-' 

TEMP .  1 
( DEG . C  )  1 

10.00  ! 
10.00  1 

10.00  '; 

10.00  1 

10.00  i 

10.00  1 
9.00  i 
9.00  i 

9.00  '; 

9.00  ' 
9.00 

;  8.00 

1   8.00 

:  8.00 

!   7.00 

Treat. 

7.50  ' 

7.40 

7.50 

7.50 

7.50 

7.50 

7.60 

7.50 

7.50 

7.  50 

7.50 

,   7.50 

1   7,50 

;   7.50 

i   7  .  80 

P 

Raw   ; 

8.30 

8.30 

8.40 

8.40 

8.40 

8.40 

8.50 

8.40 

8.40 

8.30 

8.40 

;   8.40 

1   8.30 

1   8.30 

';   8.40 

RES.   i 
g/L)    1 

Treat.  1 

METAL 
Al  (iti 

Raw   : 

PAC   i 
mg/L 

COAG .  ! 
AID   1 

mg/L 

COAGULANT  i 
(ALUM) 

mg/L 

9.14 

9.59 

9.  10 

9.09 

9.08 

9.03 

8.97 

9.01 

9.22 

8.31 

8.01 

8.95 

8.99 

7.56 

8.03 

(TCU) 

Treat. 
3.00 

1.00 
1.00 

COLOUP 

Raw 
5.00 

5.00 
10.00 

Treat. 
0.12 
0.  11 
0.  13 
0.13 
0.09 
0.07 
0.  10 
0.09 
0.09 
0.09 
0.09 
0.20 
0.  14 
0.  17 
0.  14 

Y  (FTU) 

Filter 
0.  13 
0.  10 
0.  11 
0.13 
0.  12 
0.08 
0.12 
0.10 
0.  10 
0.  10 
0.  11 
0.22 
0.  12 
0.  14 
0.  14 

TURBIDIl 
Set. 

Raw 

3.60 

1.60 

13.80 

21.00 

17.70 

4.98 

8.28 

9.47 

9.60 

10.00 

57.70 

87.50 

21.20 

7.12 

28.50 

(d           1        1        '        1        1        1        1        1        1        1        1        1        1        1        1 

t—              i^icoir-)i^im)(Otr-iooia>ioi*-'(Cvjitni^iio 
a              1          1          1          1          1          1          1          1          1          1          1          1          1          I          1 

TEMP.  1 
( DEG . C  )  ! 

7.00  '; 
7.00  i 
6.00  '; 
6.00  1 
6.00  i 

6.00  '; 
6.00  '; 
6.00  '; 
7.00  ': 

7.00  ' 

7.00 

7.00 

7.00  ' 

6.00 

5.00 

H 

Treat. 
7.50 
7.60 
7.40 
7.60 
7.70 
7.60 
7.60 
7.60 
7.80 
7.60 
7.80 
7.70 
7.90 
8.00 
7.70 

Raw 

8.40 

8.40 

8.40 

8.20 

8.40 

8.40 

8.40 

8.40 

8.50 

8.50 

8.60 

8.50 

8.60 

8.60 

8.50 

RES.   1 
ig/L) 

Treat. 

■*"  '        '         '        '        '        '        '        I        1        1         p        p         1         p        p         1         p 

hi  si    i  -i    i    i    i    i    i    i    1   -i    i    :    j    i    i 
1 « p    p    p    p    p    p    p    p    p    1    p    p    p    p    p    p 

PAC 
mg/L 

COAG. 

AID 

Dlg/L 

COAGULANT 
(ALUM) 

mg/L 

9.71 

9.34 

8.32 

8.55 

8.70 

8.66 

8.69 

8.08 

8.66 

7.44 

7.54 

0.00 

7.36 

7.78 

7.01 

I  (TCU) 
Treat. 

0.00 

3.00 

COLOUI 
Raw 

0.00 

5.00 

Treat. 
0.25 
0.93 
0.59 
0.27 
0.16 
0.  14 
0.16 
O.U 
0.12 
0.06 
0.07 
0.13 
0.33 
0.25 
0.08 

FY  (FTU) 

Filter 
0.  14 
0.71 
0.34 
0.15 
0.17 
0.20 
0.16 
0.  14 
0.11 
0.09 
0.09 
0.35 
0.32 
0.10 
0.06 

TURBIDI 
1  Set. 

;   Raw 

1  98.50 

45.30 

11.20 

5.90 

28.30 

36.20 

2.90 

3.80 

4.30 

1.10 

0.94 

1.47 

8.03 

3.35 

2.23  \ 

^            l!S!^l"'"''°''^''^'"'''''"i«>it~ioDicniop-^ 
Q              ]|'^['^''^'^if^PcgpcopcMpcvipojpcgpcMic\jitopr> 

--. -'----'-  —  -'----'-  —  -'-  —  .'.  — .'....'.  ...'...   '    ..   '          '          '          '          '          ' 

TEMP. 
( DEG . C) 

5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

H 

Treat. 
7.70 
7.60 
7.70 
7.80 
7.80 
7.70 
7.60 
7.60 
7.90 
7.60 
7.80 
7.80 
7.90 
7.90 
7.80 

Raw 
8.40 
,8.50 
8.50 
8.40 
8.60 
8.50 
3.50 
8.50 
8.60 
8.60 
8.50 
8.50 
8.60 
8.60 
8.50 

RES. 
g/L) 

Treat. 

METAL 
Al  (rr 

Raw 

PAC 
mg/L 

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.21 

6.07 

6.60 

6.30 

0.00 

1.40 

5.50 

4.29 

4.97 

4.63 

4.36 

4.28 

6.60 

6.40 

4.90 

I  (TCU) 
Treat. 

1.00 
1.00 

COLOUF 
Raw 

1.00 
1  .00 

Treat. 
0.06 
0.10 
0.16 
0.17 
0.14 
0.26 
0.35 
0.  18 
0.  11 
0.09 
0.08 
0.11 
0.08 
0.  10 
0,09 

■Y  (FTU) 

Filter 
0.06 
0.  12 
0.24 
0.07 
0.28 
0.37 
0.21 
0,  11 
0.09 
0.07 
0.08 
0.  12 
0.  10 
0.09 
0,  10 

TURBlDn 
Set. 

Raw 
1.60 
0.83 
1.72 
1.13 
0.64 
3.50 
15.80 
4.30 
1.05 
1.06 
2.90 
1.90 
2.30 
2.60 
2.00 

u        1      1      1      !      1      1      1      1      1      !!      1      1      1      1 

E-              i-<ic\jimiTriu-)icoit~iooitj>ioi'-'icMirOi-<»'iio 

O                        1                 1                  1                 1                  1                  1                  1                  1                  1                  |.H1-H|^I--IIW|^ 

TEMP. 
( DEG . C ) 

4.00 
4.00 
4.00 
4.00 
3.00 
2.00 
1.00 
1.00 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 

Treat. 
7.80 
7.80, 
7.90 
7.80 
7.80 
7.80 
7.90 
7.70 
7.90 
7.90 
7.80 
7.70 
7.70 
7.80 
7.80 
7.80 

E 

Raw 

8.50 

8.60 

8.40 

8.50 

8.50 

8.50 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

8.40 

.   RES. 
ig/L) 

Treat. 

METAI 
Al  (n 

Raw 

PAC 
tng/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.60 

4.50 

4.20 

4.50 

4.60 

5.40 

6.60 

6.60 

6.30 

4.60 

4.30 

4.03 

0.00 

5.25 

4.62 

4.63 

?  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

1.00 
3.00 

Treat. 
0.08 
0.07 
0.07 
0.17 
0.18 
0.11 
0.07 
0.08 
0.07 
0.  17 
0.14 
0.  11 
0.13 
0.23 
0.21 
0.11 

Ti    (FTU) 

IFllter 
0.09 
0.07 
0.09 
0.26 
0.09 
0.08 
0.09 
0.12 
0.07 
0.  14 
O.U 
0.12 
0.21 
0.29 
0.  18 
0.16 

TURBID! 
;  Set. 

;   Raw 
!   1.30 
1.20 
0.74 
1.20 
1.20 
1.60 
1.52 
1.00 
1.05 
2.13 
0.92 
0.71 
0.73  ! 
0.92 
1.41  1 
1.60  ! 

w      1    1     1     ;     ;     ;     :     I    ;     ;    -,----,---7--------- 

J..-J-...' ' ' ' '...'  .,  '      1      1      1      i      !      '      1 

TEMP, 
( DEG , C ) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
7.80 
7.80 
7.80 
7.80 
8.  10 
8.00 
7,90 
8,00 
7,80 
7,90 
7,90 
7,70 
7,70 
7.80 
8.00 

I 

Raw 

8.50 

8.50 

8.50 

8.40 

8.50 

8.60 

8.60 

8.60 

8.60 

8.60 

8.40 

8.60 

8.40 

8,50 

8.70 

.  RES, 
og/L) 

Treat. 

METAI 
Al  (r 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.64 

0.00 

0.00 

0.00 

5.01 

4.76 

4.75 

4.64 

4.69 

4.67 

2.07 

0.00 

0.00 

0,00 

0,00 

?  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

4.00 
8.00 

Treat. 
0.08 
0.19 
0.27 
0.39 
0.35 
0.20 
0.  10 
0.09 
0.07 
0.09 
0.09 
0.  16 
0,26 
0,32 
0.36 

FY  (FTU) 

Filter 
0.13 
0.31 
0.33 
0.42 
0.37 
0.09 
0.09 
0.09 
0.09 
0.10 
0.  13 
0.26 
0.36 
0,39 
0.37 

TURBIDI' 
Set, 

Raw 

0.97 

0.73 

0,71 

0.83 

1.10 

2.03 

4.30 

2.20 

2.40 

1.13 

0.79 

0.72 

0.67 

0.63 

0.59 

Id            >         1         1         1         1         1         1         1         1         1         1         I         1         1         1 
H             i-^it^i'^i'<»'imi;oit~iooia)ioi-'ic\jini'*im 
Q            1         1         1         '         1         1         1         1         1         i^i^iwi^i^,^ 

TEMP. 
( DEG . C ) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

>H 

Treat. 
7.90 
8.  10 
7.90 
8.10 
8.00 
8.10 
8.00 
8.00 
8.10 
7.90 
7.90 
7.90 
7.80 
7.90 
7.90 
7.90 

Raw 

8.70 
8.50 
7.80 
8.70 
8.60 
8.60 
8.50 
8.50 
8.60 
8.50 
8.70 
8.90 
8.70 
8.70 
8.70 
8.70 

.  RES. 
ig/L) 

Treat. 

METAL 
Al  (d 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4.95 

6.46 

5.97 

5.84 

6.06 

5.11 

4.19 

4.11 

^  (TCU) 
Treat. 

1.00 
1.00 
2.00 

COLOUl 
Raw 

1.00 
1.00 
4.00 

1  Treat. 
0.39 
0.30 
0.36 
0.37 
0.33 
0.34 
0.39 
0.45 
0.52 
0.21 
0.  11 
0.  10 
0.  12 
0.  10 
0.  10 
0.08 

TY  (FTU) 

IFilter 
0.41 
0.41 
0.34 
0.39 
0.37 
0.49 
0.43 
0.59 
0.38 
0.10 
0.08 
0.08 
0.10 
0.12 
0.13 
0.10 

TURBIDI 
;  Set. 

;   Raw 
i   0 .  60 
0.63 
'   0.57 
0.57 
0.54 
0.55 
0.63 
0.82 
0.70 
0.78 
1.09 
0.90 

1.16  ; 

1.08 
0.97  ; 
0.71  i 

W             '          '          1          1          1          1          1          1          1          1          1          1                   '          '          ' 

<        l!Sl^i'2l2IS';:l''^'"'''''"'<"'''-'='itr'iol-H 

Q                   l-ll-.l-,,-.,CMICM(CvllM|CMir.)l-CSJICMI(>JlCVJlc^lir> 

TEMP. 
( DEG . C ) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
7.90 
8.00 
8.20 
8.10 
8.20 
8.20 
8.00 
7.80 
8.20 
7.90 
8.20 
8.  10 
8.  10 
8.00 
7.90 

I 

Raw 

8.40 

8.70 

8.70 

8.30 

8.70 

8.70 

8.70 

8.70 

8.80 

8.70 

8.60 

8.70 

8.60 

8.70 

8.40 

.  RES. 
Treat. 

METAI 
Al  (i 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.60 
4.50 

?  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

1.00 
4.00 

Treat. 
0.09 
0.  17 
0.23 
0.27 
0.22 
0.27 
0.22 
0.34 
0.35 
0.37 
0.40 
0.37 
0.42 
0.36 
0.38 

FY  (FTU) 

Filter 
0.  15 
0.22 
0.28 
0.25 
0.25 
0.17 
0.35 
0.38 
0.37 
0.39 
0.42 
0.40 
0.39 
0.38 
0.42 

TURBIDI 
Set. 

-i 

Raw 

0.62 

0.65 

0.53 

0.73 

0.97 

1.80 

0.69 

0.64 

0.62 

0.60 

0.59 

0.61 

0.58 

0.54 

0.56 

(d              '          '          i          '          1          1          i          1          '          1          1          1          !          1          ! 
E-             1— 'it^i'^i'*i>ni(Dii^iooia)ioi-'icMini->rim 
a           1        1        1        1        1        1        ]        j        \        i^i^i^i-Hirti^ 

TEMP. 
(DEG.C) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Treat. 
7.80 
8.  10 
8.20 
8.  10 
8.20 
8.00 
7.90 
8.10 
8.20 
8.20 
8.  10 
8.00 
8.  10 
7.70 

I 

Raw 

8.00 

8.70 

8.70 

8.60 

8.70 

8.70 

8.50 

8.70 

8.70 

8.70 

8.70 

8.60 

8.70 

8.60 

.  RES. 
ng/L) 

Treat. 

METAI 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

2.30 
2.50 
2.10 

2.90 
2.40 
2.40 

2.50 
5.10 
7.80 

R  (TCU) 
Treat. 

1.00 
1.00 

COLOU 
Raw 

1.00 
1.00 

1  Treat. 

;  0.31 
0.32 
0.29 
0.34 
0.43 
0.14 
0.18 
0.49 
0.26 
0.  15 
0.  16 
0.13 
0.49 
7.30 

TY  (FTU) 

IFllter 
;   0.35 
0.36 
0.32 
0.36 
0.41 
0.17 
0.24 
0.24 
0.31 
0.  15 
0.19 
0.  14 
0.48 
7.60  '; 

TURBIDI 
;  Set. 

;   Raw 

i   0 .  52 

:   0.49 

1   0.45 

0.61 

1.13 

1.60 

0.89 

0.49 

0.84 

6.45 

4.25 

2.85 

62.50  ! 

86.00  ; 

w           '        '        '         '        1         1        1         1         1         1         1        1         1        '         '         ' 

Q                   ||'^^~''^lt^lNICMI(M,CMlCM,CvJI010 

'       '       '       1       1       1       1       1       1       1       1       1       '       '       '       ' 

TEMP. 
( DEG . C ) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
1.00 

Treat. 
8.  10 
8.00 
8.00 
8.10 
8.00 
7.90 
8.  10 
8.00 
8.00 
7.90 
8.00 
8.  10 
8.00 
8.00 
7.90 

Raw 

8.80 

8.50 

8.70 

8.50 

8.70 

8.70 

8.80 

8.70 

8.70 

8.70 

8.70 

8.70 

8.70 

8.60 

8.60 

.  RES. 
ng/L) 

Treat. 

METAl 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.11 

5.61 

4.36 

3.01 

3.24 

3.03 

2.86 

3.20 

2.45 

2.79 

2.46 

3.19 

4.92 

4.79 

4.51 

^  (TCU) 
Treat. 

1  .00 
1.00 

COLOUI 
Raw 

6.00 

_  -J  . 

3.00 

Treat. 
2.80 
0.94 
0.31 
0.13 
0.11 
0.09 
0.10 
0.11 
0.09 
0.11 
0.09 
0.  10 
0.  12 
0.  17 
0.  11 

FY  (FTU) 

Filter 
2.80 
0.23 
0.  13 
0.67 
0.  11 
0.  14 
0.  13 
0.13 
0.  12 
0.  12 
0.10 
0.  15 
0.14 
0.  16 
0.  16 

TURBIDI 
Set. 

Raw 
24.70 
13.70 
6.30 
2.70 
2.40 
1.70 
2.80 
1.30 
1.09 
1.04 
2.55 
2.69 
1.  15 
0.97 
0.85 

u        1      '      i      '      1      i      1      !      1      1      !      1      !      1      ! 

H             i'-'irgi'^i-o-iini(oir~iooia)ioi-iicMini.a'iin 

TEMP .  i 
( DEG . C )  ! 

1.00  ': 
0.00  '; 
0.00  '; 
0.00  ': 

0.00  i 

0.00  '; 

0.00  ! 

0.00  '; 

0.00  i 

0.00  '; 

0.00  ' 
0.00 
1   0.00 

;  0.00 

i   0.00 

';  0.00 

Treat. 
8.10  ! 
8.10 
7.90  ' 
8.00 
8.00 
8.00 
8.00 
8.00 
8.  10 
8.00 
8.00 
7.90 
8.00 
;   8.  10 

;  8.00 
;  8. 10 

p 

Raw   ; 
8.80  i 
8.70  ' 
8.60  ' 
8.70 
8.70 
3.60 
8.60 
8.60 
8.60 
8.60 
8.60 
8.60 
1   8.50 
8.80 
i   8.70 
';   8  .  80 

RES .   ;' 
g/L)   ; 

Treat.  ! 

METAL 

Al   (Dl 

Raw   : 

PAC 
mg/L 

COAG .  ; 
AID 

mg/L 

i    (TCU)  ! COAGULANT 
;  (ALUM) 

Treat. 1   rag/L 

!     5.26 

j     4.44 

i     4.83 

1     4.44 

1.00  !     4.73 
!     5.11 
i     4.48 
1     4.64 
;     4.60 
1     4.46 
!     2 .  40 

1.00  !     3.46 
i     3.56 
';     4.04 
':     4.32 
';     4.79 

COLOUF 
Raw 

1.00 
5.00 

Treat. 
0.  11 
0.09 
0.08 
0.09 
0.10 
0.11 
0.  10 
0.  11 
0.  10 
0.07 
0.11 
0.32 
0.21 
0.12 
0.09 
0.09 

[•Y  (FTU) 

Filter 
0.13 
0.  12 
0.  12 
0.  14 
0.14 
0.11 
0.13 
0.  19 
0.14 
0.11 
0.33 
0.  18 
0.  10 
0.  13 
0.23 
0.12 

TURBIOn 
Set. 

Raw 

1.52 

0.95 

0.82 

0.70 

0.63 

0.63 

1.21 

3.04 

0.93 

0.72 

1.22 

0.85 

0.87 

0.70 

0.68 

0.63 

E-              i«5it--iooicnioi-iicMini->»'iir>i(r>it~icDicnioi'-i 

<                   l'^l-ll-^l— llOOICMlCMICMIOgiCMICSIlCVJINICvJltOin 

TEMP. 
( DEG . C ) 

0.00 
0.00 
0.00 
0.00 
0.00  ! 
0.00  ! 
0.00  i 
0.00  1 
0.00  i 
0.00  1 
0.00  ! 

0.00  ; 

0.00  ! 
0,00  1 

0.00  ; 

PH 

1  Treat. 
8.  10 
8.  10 
8.00 
7.90 
8.00 
8.00 
8.00 
8.  10 
8.00 
8.10 
8.10 
7.90 
8.  10 
8.10 
8.  10 

Raw 

8.80 

8.80 

8.80 

8.60 

8.60 

8.70 

8.40 

8.70 

8.80 

8.80 

8.80 

8.50 

8.70 

8.70 

8.80 

L  RES. 
ng/L) 

1  Treat. 

META 
;    Al  ( 

;   Raw 

U         1    .J    1           ,           1           1           1           1           1           1           ,           1           1           1           ,           , 

<       1   \  1         1         1         1         1        1        1        1         ,        1 

CLi       1    ta  1        I         1        1        1         1         r        1        ,        ,        ,        ,        , 

IE Ill 

!  COAG. 
1   AID 

1  mg/L 

i  COAGULANT 
1  (ALUM) 

1   mg/L 

4.13 

3.87 

3.99 

4.09 

4.22 

4.29 

4.19 

4.27 

4.28 

4.45 

4.33 

4.44 

4.31 

4.52 

4.28 

R  (TCU) 
;  Treat. 

1.00 
1.00 

'   COLOU 
;   Raw 

1.00 
3.00 

;  Treat. 

1   0.09 
0.08 
0.07 
0.  10 
0.22 
0.  10 
0.  10 
0.09 
0.  11 
0.  11 
0.11  ! 
0.09  '; 
0.09  ; 
0.10  : 

0.09  ! 

TY  (FTU) 

IFilter 
I   0.14 
0.10 
0.13 
0.15 
0.09 
0.10 
0.14 
0.10 
0.  16 
0.09 
0.09 
0.  11 
0.  14  i 
0.  10 

0.11  ; 

TURBIDI 
;  Set. 

1   Raw 
!   0.57 
!   0.61 
1   1.01 
0.91 
0.65 
0.92 
1.11 
0.72 
0.64 
0.64 
0.57 
0.61 
1.30  ! 
0.95  ; 
1.67  ; 

w        '      1      1      !      !      !      !      !      !      1      !      !      '      '      ' 

<             I'^|'^l"!''''"i'o,t~,oo,0)io,-iicM!nl,r!ui 

o        1      1      1      ,      I      !      1      [      1      ,-.ii-..iw,^iw,^ 

TEMP .  ; 
( DEG . C  )  1 

0.00  '; 

0.00  ! 

0.00  ': 

0.00  i 
0.00  i 
0.00  i 

0.00  ': 

0.00  1 
0.00  ! 
0.00  'l 
0.00 
1.00 

:  2.00  ' 
:    2.00 
:  2.00 

H       [' 

Treat.  1 
8.10  i 
8.10 
8.20 
8.00 
8.10 
8.20 
8.20 
8.  10 
8.20 
8.00 
8.20 
8.20 
8.10 

:    8.10 

!   8.10 

p 

Raw   ; 
8.90  '; 
8.90 
8.90 
8.90 
8.90 
8.90 
8.90 
8.70 
8.90 
8.80 
8.90 
8.80 
1   8.90 
!   8.90 
:   8.30 

RES .   ! 
g/L)    1 

Treat. 

METAL 
Al  (m 

Raw   1 

PAC 
mg/L 

COAG .  1 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

2.91 

3.23 

4.34 

4.33 

4.29 

4.49 

4.58 

4.27 

3.36 

3.66 

4.26 

4.38 

4.25 

3.48 

4.18 

I    (TCU) 
Treat. 

1.00 
1.00 

COLOUF 
Raw 

1.00 
1.00 

Treat. 
0.  10 
0.  16 
0.15 
0.  11 
0.  13 
0.12 
0.12 
0.  15 
0.  14 
0.17 
0.  17 
0.17 
0.  14 
0.  14 
0.  16 

rV  (FTU) 

Filter 
0.12 
0.  18 
0.  13 
0.  10 
0.15 
0.  19 
0.  14 
0.19 
0.16 
0.22 
0.18 
0.17 
0.21 
0.  16 
0.20 

TURBIDI" 
Set. 

Raw 

0.96 

0.68 

0.81 

0.73 

0.60 

0.67 

1.56 

2.20 

1.04 

1.41 

1.43 

2.40 

1.50 

0.84 

1.32 

w      i    :    :    !    ;    1    !    :    :    1    :    1    !    ;    !    1 

i—             i^it^ioDia>ioi'-Hicsjini-<j'iioi(r>ir-ta3ia>iot»-« 
<              i-^i^i^i-^iCNjrcvjiCMiCMicgicvjicsjiCNJicsjiCsJinir) 

n'        "          1    2    !    2    ''°    '°'0'OlOlOiololo'oloiolo 
W       W         |'^|-'|-i|-ii-'i-iir)iTrinlnlnlnlnlnld 

pH 

1  Treat. 
1   8.  10 
1   8.00 
8.  10 
8.00 
8.00 
8.20 
8.  10 
8.  10 
8.  10 
8.00 
8.10 
8.00 
8.07  ; 
8.10  i 
8.10  ; 

1   Raw 
i   8 .  90 

8.90 

8.20 

8.40 

8.80 

8.80 

8.70 

8.80 

8.60 

8.80 

8.70 

8.70 

8  .  80  ; 

8.80  ! 

L  RES. 
mg/L) 

1  Treat. 

1    META 
1    Al  ( 

1   Raw 

1   PAC 
1  mg/L 

;'  COAG. 
1   AID 

1  mg/L 

1  COAGULANT 
1  (ALUM) 

I   ing/L 

!     4  .  50 

4.50 

4.05 

4.23 

4.20 

4.16 

4.16 

4.35 

4.63 

3.69 

4.31 

4.77  1 

4.22  ; 

4.87  1 

4.54  i 

R  (TCU) 

1  Treat. 
1   1.00 

1.00 

1.00  ; 

1   COLOU 
1   Raw 

1  Treat. 

i   0.15 

:   0.11 
0.09 

'   0.09 
0.  13 
0.11 
0.  12 
0.  13 
0.  10 
0.11  1 
0.14  ; 

0.13  ; 

0.  14  ! 
0.  10  1 
0.09  i 

TY  (FTU) 

IFilter 
:   0.  19 

;    0.15 

i   0.12 
1   0.  10 
0.  15 
0.13 
0.15 
0.13 
0.11 
0.  12 
0.13  i 
0.14  i 
0.16  i 
0.  11  ; 
0.11  ; 

TURBID! 
;  Set. 

1   Raw 
;   1.60 
1   1.06 
1   0.70 
3.00 
1.13 
0.89 
0.91 
0.91 
0.66 
0.62 
0.56  ! 
0.56  ! 
0.93  ! 
0.86  1 
3.23  i 

w          '       1       '       '       1       1       ,'       '       '       '       '       '       ^i""7"""i 

Q             1         1          1          1          ]          1                   '          1          1— 11— iirti^i^i^ 

TEMP. 
(DEG.C) 

3.00 
3.00 
3.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
10.00 

H 

Treat. 
8.  10 
8.10 
8.20 
8.20 
8.20 
8.10 
8.  10 
8.10 
8.20 
8.  10 
8'.  10 
8.10 
8.10 
8.20 
8.40 
8.40 

Raw 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.90 

8.80 

8.90 

8.90 

8.90 

RES. 
ig/L) 

Treat. 

METAL 
Al  (n 

Raw 

PAC 
rag/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.46 

4.31 

3.41 

4.87 

5.43 

4.58 

4.71 

4.13 

3.64 

3.24 

3.65 

3.75 

3.69 

4.70 

5.22 

5.70 

I  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

Treat. 
0.08 
0.  10 
0.  10 
0.  12 
0.10 
0.  13 
0.14 
0.12 
0.08 
0.09 
0.  10 
0.08 
0.09 
0.  14 
0.  13 
0.09 

FY  (FTU) 

Filter 
0.09 
0.11 
0.  13 
0.14 
0.12 
0.  12 
0.  16 
0.  14 
0.09 
0.15 
0.10 
0.09 
0.09 
0.  15 
0.11 
0.09 

TURBIDI 
1  Set. 

1   Raw 
;   0.96 
1.38 
1.33 
0.69 
0.69 
0.89 
1.00 
0.58 
0.57 
0.55 
0.47 
0.48 
1.05 
10.60 
2.95 
0.92 

w      !    !    i    i    I    !    1    1    1    I    ;    1    !    1    ;    : 

H             i'oit-ioDicr>ioiwicNj,r5|.»i,nifriit--iooiCT)ioi'H 
2              ^i-"i'-'i'^irgi(Njiroi(Njics)icMiCMie\j(CJic.jitoio 

1          1          1          1          r          1 

rEMP. 

)EG.C) 

9.00 
9.00 
9.00 
9.00 
9.00 
10.00 
10.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
1.00 

-     1      1 Ill, 

Treat. 
8.40 
8.  10 
8.00 
8.30 
8.10 
8.20 
8.10 
8.  10 
8.  10 
8.  10 
8.20 
8.  10 
8.20 
8.20 
8.10 

! 

Raw 

8.90 

9.00 

8.90 

9.00 

9.00 

9.00 

9.10 

8.90 

8.90 

8.90 

9.00 

9.00 

9.00 

9.00 

9.00 

.  RES. 
ng/L) 

Treat. 

METAI 
Al  (t 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.20 

4.90 

4.20 

3.60 

4.00 

3.70 

3.90 

3.70 

3.80 

3.90 

4.30 

4.50 

4.30 

4.60 

4.40 

R  (TCU) 
Treat. 

1.00 
1.00 

COLOm 
Raw 

2.00 
6.00 

Treat. 
0.10 
0.  11 
0.09 
0.  10 
0.14 
0.  19 
0.15 
0.  15 
0.19 
0.  13 
0.  12 
0.  11 
0.  12 
0.13 
0.  12 

FY  (FTU) 

Filter 
0.09 
0.  10 
0.09 
0.10 
0.24 
0.24 
0.23 
0.  18 
0.24 
0.  14 
0.12 
0.  14 
0.17 
0.  15 
0.  15 

TURBIDI 
Set. 

;   Raw 
0.98 
1.18 
1.02 
0.69 
1.00 
1.00 
0.91 
0.72 
0.65 
0.65 
0.63 
0.79 
0.89 
1.51 
0.85 

M        1      1      I      1      1      '      1      1      !      I      !      !      1      !      ! 

^             j-^if^i'Oi'<i'imitDic~iooia)ioi— iirjiniTfiio 

EMP .  :' 
EG .  c )  ;' 

3.00  '; 
3.00  ; 

3.00  i 
3.00  i 
4.00  ! 

4.00  ': 

5.00  i 
5.00  ! 

5.00  ': 

L6.00  ' 

16.00 

16.00 

L6.00 

16.00 

16.00 

M^s    ;-",,,,;;,     i     i;;;     ;     ■_.'..  i 

H      ! 

Treat. 
8.20 
8.20 
7.90 
8.20 
8.00 
8.10 
8.  10 
8.00 
8.20 
9.00 
8.10 
8.10 
8.20 
8.10 

E 

Raw 

9,00 

9.00 

8.00 

9.00 

8.80 

8.90 

8.90 

8.80 

8.90 

9.00 

9.00 

9.00 

8.60 

9.00 

RES.   ; 
g/L) 

Treat. 

METAL 

Al   (IT 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.40 

4.60 

4.20 

4.80 

4.82 

4.76 

4.58 

4.76 

4.91 

5.02 

4.95 

4.80 

4.84 

5.10 

4.64 

I  (TCU) 
Treat. 

3.00 
3.00 

COLOUI 
Raw 

4.00 
3.00 

Treat. 
0.09 
0.  11 
0.08 
0.11 
0.  12 
0.  11 
0.09 
0.14 
0.  12 
0.  10 
0.09 
0.10 
0.08 
0.10 
0.  10 

FY  (FTU) 

Filter 
0.12 
0.12 
0.  10 
0.13 
0.14 
0.  10 
0.10 
0.  12 
0.  11 
0.10 
0.12 
0.  13 
0.  10 
0.  13 
0.14 

TURBIDI 
,  Set. 

;   Raw 
.   1.01 
,1.  14 
1.23 
2.94 
1.43 
1.32 
1.80 
1.50 
1.60 
0.66 
0.65 
0.85 
0.56 
1.19 
1.30 

Id        '      I      1      '      1      1      i      1      !      !      !      !      1      1      !      ! 

t-             itoit~iooiO)ioi^i<Mini.«'iiniuDit~ioDicrjioi-^ 

EMP .  ! 
EG . C )  ; 

6.00  1 
6.00  i 
6.00  i 
6.00  '; 
6.00  i 
6.00  i 
6.00  i 

6.00  ; 

16.00 
16.00 
16.00 
17.00 
17.00 
17.00 
17.00 

^       ^        ,    ^   ,    ^   ,    ^   ,    ^   ,    ^    ,    ^    ,          .          .          .          ;          1      _i      _,    __l    __     1 

H 

Treat. 
8.20 
8.  10 
8.00 
8.20 
8.20 
8.  10 
8.  10 
7.30 
7.30 
7.40 
7.50 
7.40 

,   7.50 
7.40 

;   7.50 

F 

Raw 

9.00 

8.90 

9.  10 

9.00 

9.10 

9.00 

8.90 

8.06 

8.03 

8.30 

8.30 

,   8.30 

1   8.30 

i   8.30 

1   8.30 

RES.   I 
g/L)    ; 

Treat.  ' 

METAL 

Al   (IT 

Raw 

PAG 
mg/L 

COAG .  ;' 
AID   ; 

rag/L 

coagulant; 

(ALUM)   ' 
mg/L 
5.88 
4.08 
4.17 
4.56 
6.88 
7.19 
6.73 
6.72 
6.  12 
6.00 
5.41 
4.48 
4.53 
4.34 
4.16 

(TCU) 
Treat. 

1.00 
1.00 

COLOUF 
Raw 

1.00 
1.00 

Treat. 
0.25 
0.11 
0.  12 
0.17 
0.  10 
0.15 
0.08 
0.  10 
0.80 
0.09 
0.08 
0.  13 
0.  13 
0.  13 
0.15 

Y  (FTU) 

Filter 
0.28 
0.23 
0.15 
0.21 
0.  12 
0.12 
0.  11 
0.  11 
0.  10 
0.  10 
0.  10 
0.  14 
0.  14 
0.  15 
0.  17 

>-i       1         1         1      _  1         1         1         1         1         1         1         1         1        1         1        1        > 
Q       1 ,        1        ,        1        r       .        1        .        1 

EQ          1     <J    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 
Qi          1      t'    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

O          1    '/)    1            1            1 1            1            1            1 

(-          1            1            1            1            1            1            1 '            ' 

Raw 

1.  16 

0.73 

1.45 

1.62 

1.05 

0.94 

0.98 

1.02 

1.02 

0.91 

0.91 

0.81 

0.85 

0.98 

0.98 

U               II 1 

E-              i-iiCMini.»ivni'£iit~iooia5ioi-<iCMir5i-<rim 

Q              1          1          1          1          1          1          1          1          1          I'^l'^l'^i'^l'^i 
1                             1          1          1          1          1          I 1          1          1          1 

EHF, 
EG.C) 

8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
L8.00 
L8.00 
L9.00 
19.00 
19.00 
19.00 
19,00 

^^    ;",'-;",,,,;     ;     ;     ;■;,;     ;     i      i 

H 

Treat. 
7.50 
7.50 
7.40 
7.40 
7.50 
7.50 
7.40 
7.40 
7.50 
7.40 
7,50 
7.30 
7.40 
7.30 
7.40 
7.40 

Raw 

8.30 

8.30 

8.30 

8.20 

8.30 

8.30 

8.30 

8.30 

8,20 

8.30 

8.40 

8.20 

8.30 

8.40 

8.30 

8.30 

RES, 
ig/L) 

Treat. 

METAL 
Al  (n 

Raw 

PAC 
mg/L 

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.16 

4.21 

4.28 

2.13 

3.68 

4.44 

4.47 

4.53 

4.57 

5.46 

4.63 

5.07 

4.48 

4.52 

4.46 

5.29 

^  (TCU) 
Treat. 

3.00 
1.00 

COLOUI 
Raw 

3.00 
1.00 

1.00 

Treat. 
0.13 

0.  ;i 

0.11 
0.  13 
0.23 
0.15 
0.09 
0.09 
0.08 
0.09 
0.10 
0.11 
0.  15 
0.  11 
0.  14 
0.13 

FY  (ETUi 

Filter 
0.  14 
0.12 
0.13 
0.18 
0.21 
0.10 
0.10 
0.09 
0.09 
0.11 
0,09 
0.10 
0.  14 
0.11 
0.11 
0.14 

TURBIDI 
'  Set. 

!   Raw 
;   0.64 
0.65 
0.52 
0.58 
0.72 
0.53 
0.55 
0.68 
0.66 
1.17 
0.93 
1.88 
2.67 
1.09 
1.15  ' 
1.10 

(-             i'Oif-ia)ia>ioi-^iCNjir)i.<riiDi(oir-ia3ia)ioi'H 
J. .-.'...  J...   '..''''          i          1          '          i          1          1          I          1 

TEMP .  i 
(DEG.C)  ! 

20.00  ': 
19.00  1 
20.00  i 
20.00  i 
20.00  '; 
20.00  i 
20.00  'l 
20.00  'l 
19.00  i 
19.00 
19.00 

;  20.00 

i  21.00 
1  21.00 
';  22.00 

Treat. 
7.50  ' 
7.30 
7.40 
7.30 
7.30 
7.30 
7.30 
7.  40 
7.40 
7.40 
7.40 
7.40 

,   7.30 
7,30 

1   7.30 

P 

Raw   1 

8.36  ; 

8.30  ' 

7.95 

8.30 

8.30 

8.40 

8.30 

8.40 

8.20 

;   8.40 

1   8.40 

1   8.40 

'l   8  .  30 

':   8.30 

!   8.30 

RES .   i 
g/L)    1 

Treat. 

METAL 
Al  (ra 

Raw   ; 

PAC  :' 
mg/L 

COAG .  1 
AID   ; 

mg/L   ; 

COAGULANT ! 
(ALUM)   1 

mg/L 

8.20 

5,10 

7.20 

7.40 

7.20 

7.10 

6.90 

7.  10 

7.50 

7.80 

7.90 

7.00 

1     5.30 

;    7.10 

:     5.90 

(TCU) 
Treat. 

1.00 
1.00 

COLOOF 
Raw   ; 

1.00 
1.00 

Treat. 
0.  10 
0.16 
0.  10 
0.09 
0.09 
0.09 
0,07 
0.07 
0.  10 
0.09 
0,10 
0.  12 
0.  12 
0.15 
,   0.09 

Y  (FTUI 

Filter 
0.12 
0.  13 
0.07 
0.09 
0.09 
0,09 
0.08 
0.10 
0.09 
0.  10 
0.  10 
0.13 
0.17 
0.  11 
0.09 

TURBIDIT 
Set.   ' 

Raw 

0.83 

0.70 

0.85 

1.03 

0.85 

0.89 

0.85 

0.96 

1.01 

0.93 

3.16 

4.15 

1.98 

1.92 

2.01 

[i]            1        1        1        1        1        1         1         1        1        1        1         1         1        1         ■ 
(-             i^icMir5i'<riir)itDit~iooia)ioi-<ic\)ini'>riin 
<             1          1          1          1          1          1          1          1          1          ,^i_,^,^i-<i^ 
Q                III 1            1            1            1 

TEMP ,  ;' 
( DEG , C ) ! 

22.00  '; 
22.00  i 
22.00  '; 
22.00  i 
22.00  i 
22.00  i 
22.00  ': 
22.00  '; 
21.00  '; 

21.00 
21.00 
21.00 
!  21.00 
21,00 

;  21,00 
:  21.00 

H 

Treat. 
7,30  ' 
7,40 
7,30 
7,30 
7.30 
8,40 
7.30 
7.20 
7,20 
7,30 
7,10 
7,20 
7,  10 
7,20 
7,20 
7.20 

Raw 
8.30  ' 
8.30 
8.30 
8.30 
8.20 
8.40 
8.20 
8.20 
8,20 
8,20 
8,20 
8,20 
8,  10 
8,20 
:   8,09 
!   8.10 

RES,   ; 
g/L) 

Treat. 

METAL 
Al  (it 

Raw 

PAC 
mg/L 

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4,40 

5,51 

5.64 

5.14 

4.59 

4.59 

4.77 

4.76 

5.22 

4.76 

4.27 

6,75 

7,26 

5,55 

4.82 

4,92 

i  (TCU) 
Treat. 

1.00 
1.00 

COLOUF 
Raw 

1.00 
2.00 

Treat. 
0.  14 
0.  11 
0.  10 
0.  15 
0.15 
0,  11 
0,  11 
0,  14 
0,  13 
0.  14 
0,  15 
0.  16 
0.09 
0.09 
0,  14 
0.15 

rY  (FTU) 

Filter 
0.22 
0.  12 
0.09 
0.  12 
0.14 
0.  12 
0.12 
0.14 
0.14 
0.  15 
0.22 
0.16 
0.09 
0.  12 
0,  14 
0,13 

TURBIDI 
Set, 

Raw 

0.85 

0.94 

0.90 

5.80 

3.97 

2.13 

1.45 

5.90 

3.10 

1.35 

2.27 

3.10 

0.94 

0.89 

1.23 

1.03 

bj        p      '      p      i      '      p      1      p      p      1      p      1      1      1      !      ! 

w             ptr)ic-pooia)ioP>-ipogpropTfii/ii(Cir-ioDicr)iOP'H 
<              P^i^p«-'i— •PCNjiCNjpcMpcNjpcgiCNJiCMiCNJiCNjpcoiropr^ 

TEMP. 
(DEG.C) 

21.00 
20.00 
20.00 
20.00 
20.00 
20.00 
19.00 
19.00 
19.00 
19.00 
19.00 
19.00 
16.00 
16.00 
16.00 

H 

Treat. 
7.20 
7.20 
7.20 
7.20 
7.30 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.30 

Raw 

8.20 

8.20 

8.20 

8.20 

8.20 

8.10 

8.20 

8.20 

8.20 

8.20 

8.20 

8.10 

8.40 

8.00 

8.10 

RES. 
ig/L) 

Treat. 

METAl 
Al  (n 

Raw 

U          1    -J    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

<       1   \  1        1         1        1        1        1         1        1        1        1        1        1        1        1        1 

OiiMl            1-1            1            1            1            1            1            1            1           A           1            1            1            1 
1     E    1           1           1           1           1           1           1           1           1           1           1           1           1           1           1 
1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.02 

5.01 

6.78 

7.15 

7.46 

5.60 

6.27 

6.04 

5.92 

6.36 

6.29 

5.43 

5.08 

5.20 

6.12 

I  (TCU) 
Treat. 

1.00 

COLOUI 
Raw 

4.00 
1.00 

Treat. 
0.  14 
0.14 
0.  14 
0.10 
0.08 
0.09 
0.  11 
0.08 
0.09 
0.  10 
0.12 
0.11 
0.13 
0.  12 
0.  12 

rV  (FTU) 

Filter 
0.  12 
0.12 
0.13 
0.08 
0.06 
0.08 
0.  12 
0.09 
0.09 
0.  10 
0.  12 
0.  10 
0.  14 
0.  10 
0.  12 

TURBIDI" 
Set. 

Raw 

0.76 

0.82 

5.00 

2.60 

2.30 

1.35 

3.05 

1.03 

0.82 

0.93 

1.22 

0.95 

1.22 

1.30 

1.23 

Id 1          1          1          1          1          1 

t-              1— iiCMini-o-iioitoit^iooiTOioi—iicvjioiiriirt 
<              I          1          1          1          1          1          1          1          1          i^i^i— ii^i^i— 1 
Q 1          1          1          1          1          1          1          1          1 

EMP. 
EG.C) 

6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
L6.00 
4.00 
14.00 
L4.00 
14.00 
4.00 
L4.00 

)H 

Treat. 
7.10 
7.20 
7.30 
7.30 
7.30 
7.30 
7.30 
7.20 
7.10 
7.30 
7.30 
7.20 
7.30 
7.30 
7.20 

Raw 

8.10 

8.10 

8.30 

7.80 

8.20 

8.30 

8.30 

8.  10 

8.  10 

7.90 

8.10 

8.20 

8.20 

8.15 

8.05 

.  RES. 
ig/L) 

Treat. 

1 

METAl 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.51 

5.47 

5.52 

5.58 

4.86 

5.09 

5.04 

6.17 

5.42 

5.61 

5.97 

6.04 

5.68 

5.84 

6.  10 

^  (TCU) 
Treat. 

COLOU 
Raw 

5.00 
4.00 

Treat. 
0.10 
0.  10 
0.09 
0.09 
0.11 
0.10 
0.10 
0.11 
0.10 
0.14 
0.13 
0.13 
0.  10 
0.  12 
0.12 

FY  (FTU) 

IFilter 
'   0.  11 
0.10 
0.09 
0.11 
0.  11 
0.10 
0.  10 
0.  13 
0.  11 
0.  11 
0.  14 
0.  13 
0.10 
0.12 
0.11 

TURBIDI 
1  Set. 

;   Raw 
i   0.90 
0.65 
0.70 
0.83 
0.86 
0.95 
0.63 
1.15 
0.98 
1.00 
2.85 
1.30 
1.09 
1.55 
1.04 

W            'i''         1         i         1         1         '         I         1         1         I         1         1         I 
H             I'fi'^i'nitnioi^itMini^iiniirjir-ioDicnioi^ 

Q                   IW|«|-,|^ICMItMIC\llCMICMI<N)IC\)IC\JIC\)ICMimiO 

EMP. 
EG.C) 

4.00 
4.00 
4.00 
4.00 
3.00 
3.00 
3.00 
3,00 
3.00 
3.00 
13.00 
13.00 
13.00 
13.00 
13.00 

—       1         1         1         1        1         1 1 

H 

Treat. 
7.20 
7.30 
7.21 
7.30 
7.30 
7.20 
7.30 
7.30 
7.20 
7,40 
7.30 
7,  40 
7.40 
7.30 
7.60 

E 

Raw 

8.02 

8 .  12 

8.32 

8.20 

8.20 

8.30 

8.30 

8.30 

8.30 

8.30 

8.30 

8.30 

8.30 

8.30 

8.40 

RES, 
g/L) 

Treat. 

METAL 
Al  (n 

Raw 

PAC 
mg/L 

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

6.14 

5.76 

4.85 

6.38 

6.  19 

6.71 

5.55 

5.61 

4.93 

5.66 

4.64 

4,97 

7.77 

4.46 

5.02 

i  (TCU) 
Treat. 

1.00 
1.00 

COLOUF 
Raw 

5.00 
1.00 

Treat. 
0.10 
0.12 
0.  13 
0.13 
0.  12 
0.  10 
0.  10 
0,  10 
0,08 
0.08 
0.09 
0.  12 
0.  10 
0,  10 
0.  13 

rY  (FTUi 

Filter 
0.10 
0.12 
0.11 
0.  12 
0.  11 
0.10 
0.  12 
0.12 
0.11 
0.09 
0.  10 
0,  11 
0.11 
0.  10 
0.  12 

TURBIDI1 
Set. 

Raw 

1.21 

1.  11 

1.  14 

2.38 

1.55 

1.20 

1.08 

0,98 

1.02 

0.91 

0.78 

0.81 

0.76 

0.83 

0.96 

b]        1      1      1      !      1      1      1      1      !      1      1      !      1      1      1 

(-■             i«-'ic>jir>i'<riir)iccit--icoicnioi'HicNjicni'^itn 

Q                        1                  1                  1                  1                 1                  1                  1                  1                  1                  I'-ll^Hl^l^l-.l-l 
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EMP, 
EG.C) 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
13.00 
13.00 
12.00 
12.00 
L2.00 
12.00 
12.00 

w 1                1                1                1                1                1                1                1                1                1                   1 

H 

Treat. 
7.50 
7.50 
7,40 
7.10 
7.10 
7.20 
7.10 
7.50 
7.40 
7.30 
7.34 
7.33 
7.32 
7.36 
7.32 
7.33 

Raw 

8.40 

8.30 

8.20 

8.30 

8.20 

8.40 

8.20 

8.30 

8.30 

8.10 

7.95 

8.20 

7.99 

8.  14 

8.21 

7.74 

RES. 
ig/L) 

Treat. 

METAL 
Al    (n 

Raw 

PAC 
rag/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.32 

4.52 

4.64 

4.39 

4.70 

4.68 

5.34 

5.09 

5.28 

5.66 

5.37 

4.59 

4.76 

4.65 

4.89 

4.77 

I    (TCU) 

Treat. 
1.00 

1.00 

1.00 

COLOUI 

Raw 
7.00 

1.00 
1.00 

Treat. 
0.10 
0.  10 
0.09 
0.10 
0,10 
0.09 
0.08 
0.10 
0.09 
0.08 
0.07 
0.06 
0.07 
0.09 
0.08 
0.10 

FY    (FTU) 

Filter 
0.  11 
0.11 
0.09 
0.09 
0.09 
0.09 
0.07 
0.10 
0.  10 
0.09 
0.09 
0.07 
0.08 
0.11 
0.17 
0.10 

TURBIDI 
Set. 

;      Raw 
1.08 
1.  10 
1.44 
1.07 
0.89 
1.38 
0.87 
0.75 
0.66 
0.68 
0.77 
0.66 
0.75 
2.12 
0.98 
5.49 

u        1      1      1      I      1      1      1      1      1      1      1      1      !      1      1 

H             i«'it^i«>imioi-<iwiniTrimitr)ii--ioDitnioi^ 
g              j-'i-'i-'i-'iooi(Micvjicv)ic\jiCMicMiwicjiCMinien 

TEMP. 
(DEG.C) 

12.00 

11.00 

11.00 

11.00 

11.00 

10.00 

9.00 

10.00 

9.00 

9.00 

9.00 

9.00 

8.00 

8.00 

8.00 

Treat. 
7.50 
7.50 
7.40 
7.50 
7.40 
7.40 
7.40 
7.10 
7.20 
7.40 
7.50 
7.30 
7,70 
7.40 
7.30 

I 

Raw 

8.20 

8.30 

8.20 

8.40 

8.30 

8.30 

8.12 

8.20 

8.  10 

8.50 

8.20 

8.40 

8.30 

8.30 

8.40 

.  RES. 
ig/L) 

Treat. 

METAl 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

rag/L 

COAGULANT 
(ALFJM) 

mg/L 

5.11 

2.35 

4.81 

5.71 

4.79 

5.69 

4.89 

4.80 

5.52 

5.20 

6.38 

7.65 

5.90 

6.41 

6.46 

?  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

7.00 
3.00 

Treat. 
0.  11 
0.  11 
0.09 
0.09 
0.10 
0.08 
0.06 
0.09 
0.09 
0.09 
0.15 
0.  15 
0.15 
0.11 
0.09 

FY  (FTU) 

Filter 
0.  10 
0.11 
0.  10 
0.08 
0.  10 
0.09 
0.06 
0.  10 
0.09 
0.09 
0.19 
0.  13 
0.  14 
0.  10 
0.07 

TURBIDI 
Set. 

Raw 

3.03 

5.60 

1.33 

1.  10 

1.56 

3.86 

1.53 

0.97 

0.99 

0.  98 

56.80 

50.20 

19.40 

14.00 

4.50 

^         ^                         -----      -.....-..     ...... 

U              <          >          <          1          1          1          1          1          1          1          '          1          '          '          1 
E-             i-'ifJi'^i'a'iinitDit^ioDicnioi'-'iCNjinirriio 
**•             '          1          t          1          1          1          1          t          1          i^i^i^i^i^i..^ 
Q             1          1          1          1          1          1          1          1          ]          i-11-ii-ii-ii-.i-i 

TEMP. 
( DEG . C ) 

8.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 

H      ; 

Treat. 
7.40 
7.50 
7.45 
7.50 
7.40 
7.60 
8.15 
7.31 
7.31 
7.43 
7.33 
7.37 
7.51 
7.56 
7.50 

P 

Raw 

8.00 

8.20 

8.40 

8.20 

8.20 

8.30 

7.60 

8.13 

8.12 

8.06 

8.22 

8.13 

8.07 

8.24 

8.20 

RES .   ! 
g/L) 

Treat. 

METAL 

Al   (IT 

Raw 

PAG 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.96 

5.34 

5.36 

5.28 

5.16 

5.21 

5.23 

5.38 

5.14 

5.08 

5.16 

5.55 

6.00 

5.66 

5.89 

?  (TCU) 
Treat. 

3.00 
4.00 

COLOUT 
Raw 

5.00 
5.00 

Treat. 
0.08 
0.10 
0.  10 
0.10 
0.08 
0.09 
0.08 
0.08 
0.06 
0.06 
0.07 
0.04 
0.09 
0.08 
0.07 

FY  (FTU) 

Filter 
0.  10 
0.  11 
0.12 
0.  10 
0.07 
0.09 
0.09 
0.08 
0.07 
0.07 
0.07 
0.08 
0.08 
0.07 
0.09 

TURBIDI 
Set. 

Raw 

2.60 

5.50 

2.22 

2.45 

4.50 

3.15 

2.72 

1.25 

0.96 

1.00 

0.75 

0.70 

0.59 

0.56 

0.54 

M           1         1         1        1        >        1         1         1        1         1        1         1         1        1         1         1 
(-;             i'Oir~itDiO)ioir-iicMi«^iTrimi(Dit~ieDia)ioi-' 
g              i'-'i-^i'-'i'-"ir>Jicvjirs)icMic\ji<\)ic\jicgicMicMitoiP5 

TEMP. 
(DEG.C) 

6.00 
6.00 
6.00 
5.00 
5.00 
5.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4,00 

>H 

Treat. 
7.40 
7.30 
7.30 
7.30 
7.30 
7.50 
7.40 
7,40 
7.30 
7.80 
7.60 
7.50 
7.  40 
7.40 
7.60 

Raw 

8,40 

8.40 

8.40 

8.40 

8.50 

8.20 

8.20 

8.30 

8.30 

8,60 

8.60 

8,40 

8,30 

8.30 

8.50 

RES. 
ig/L) 

Treat. 

METAL 
Al  (n 

Raw 

PAC 
mg/L 

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.68 

6.42 

5.40 

5.92 

5.65 

6.05 

5.91 

5.72 

6.  14 

5.77 

5.95 

6.08 

5.90 

5.50 

5.94 

I  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

4.00 
4.00 

Treat. 
0.08 
0.07 
0.08 
0.07 
0.07 
0.05 
0.07 
0.07 
0.06 
0.07 
0.09 
0.11 
0.07 
0.06 
0.07 

rV  (FTU) 

Filter 
0.09 
0.09 
0.08 
0.07 
0.09 
0.06 
0.06 
0.07 
0.06 
0.09 
0.09 
0.12 
0.07 
0.06 
0.08 

TURBIDI' 
Set. 

]_ 

Raw 

0.90 

1.02 

0.64 

0.76 

0.71 

1.40 

3.80 

1.30 

0.91 

0.67 

1.30 

0.84 

2.70 

2.90 

1.02 

U                I            '            1            '            1            1            1            1            1            1            '            1            1            1            1 
(-             i-'iNitoi-<fiinit£iii--iooia)ioi— 'icsiini-s'im 
"<             I          1          1          1          1          1          1          1          1          i^i<^i*-ii.-ii^i.-i 
O                III 1            1            1            1            1            1            1 

TEMP. 
(DEG.C) 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

H 

Treat. 
7.50 
7.80 
7.60 
7.90 
7.40 
7.40 
7.70 
7.40 
7.70 
7.70 
7.60 
7.80 
6.40 
7.60 
7.50 
7.50 

Raw 

8.30 

8.60 

8.50 

8.40 

8.40 

8.40 

8.50 

8.30 

8.40 

8.40 

8.50 

8.50 

8.50 

8.60 

8.60 

8.70 

RES. 
ig/L) 

Treat. 

METAL 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.97 

5.59 

5.40 

5.30 

5.30 

5.50 

5.50 

5.80 

5.70 

5.50 

5.50 

4.80 

5.40 

5.30 

5.20 

5.10 

^  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

6.00 
1.00 

Treat. 
0.09 
0,08 
0.07 
0.11 
0.08 
0.08 
0.08 
0.08 
0.07 
0.08 
0.10 
0.  10 
0.  11 
0.08 
0.09 
0.09 

FY  (FTU) 

■Filter 
0.09 
0.  10 
0.07 
0.11 
0.10 
0.09 
0.08 
0.08 
0.07 
0.08 
0.  10 
0.  10 
0.  15 
0.09 
0.  10 
0.  10 

TURBIDI 
;  Set. 

!   Raw 
'   0.91 
1.06 
1.14 
0.93 
0.98 
1.20 
1.01 
1.10 
1.25 
2.  17 
1.01 
1.23 
0.78 
1.00 
2.02  i 
1.32  ■ 

w      1    !    1    :    :    ;    ;    ;    i"   -,-"y"7""7"7'"y'"-, 

S             l'2!^|"|<"ipi'^i<^'i'^i'J'iinitDit-iooio>ioir-i 

Q                   ^,H-,w|<M|<sj|C-j|CM|CvJlCMI<NJI(NICSIICvJI<niCO 

"                                                                             11 1              1              1              1              1 

....    '..'''              1              1              1              1              1              1              I              1              1              1              1 

TEMP.  ; 
(  DEG  .  C )  :' 

5.00  '; 
4.00  '; 
4.00  ; 
4.00  '; 

5.00  i 

5.00 

4.00  '■ 

4.00 

4.00 

4.00 

4.00 

3.00 

2.00 

2.00 

2.00 

H 

Treat. 
7.  40 
7.60 
7.90 
8.00 
8.00 
8.00 
8.00 
7.90 
8.00 
8.00 
7.90 
7.30 
7.30 
7.30 
7.30 

E 

Raw 

8.30 

8.40 

8.60 

3.80 

8.80 

8.70 

8.70 

8.70 

8.60 

8.50 

8.40 

8.00 

8.  10 

8.00 

7.90 

RES. 
g/L) 

Treat. 

METAL 

Al   IIT 

Raw 

rj           1     O    1             1 ' 

<           1      ^^    1             1             1             1             1             1             1             1             1             1             1             1             1             1             1 

a.        1    ar  1        1        1         1         1         1         1         1         1         1         

'    ^  ''''''         1         1         1         1         1         1         1         1         1 

ClQl-31            1            1            1            1            1            1            1 1            1 

•i:"iv,i        1 1 

O  <   1    ^'  1         1         1         1         ' '         '         ' 

'J.       1    e  1        1        1         1         1         1         1         1         1         1         1         1         1         1         1 

COAGULANT 
1  ALUM) 

mg/L 

5.  10 

4.96 

4.72 

4.75 

5.34 

4.96 

5.48 

5.20 

3.97 

3.85 

3.79 

3.97 

4.43 

4.42 

4.  77 

Treat. 
1.00 

1  .00 
1  .00 

COLOUF 
Raw 

3.00 
4  .  00 

14.00 

Tr-jat. 

0.06 

0.07 
0.  10 
0.07 
0.07 
0.05 
0.0  7 
0.08 
0.07 
0.08 
0.09 
0  .09 
0.09 
0.  10 

Filter 
0.08 
0.06 
0.08 
0.09 
0.0  8 
0.08 
0,06 
0.  12 
0.  10 
0.08 
0.09 
0.  10 
U  .1)9 
0.  10 
0.09 

TURBIDII 
Set. 

Raw 

3.95 

3.46 

1.20 

0.30 

3.  40 
1.30 
0.95 

4.  10 

5.  10 
1  .71 
1.55 
1.68 
1  .80 
1.34 
4.40 

1       u        1      1      1       1      1      1      1      1      1      !      1      !      !      !      ! 

1           H             i-"ii.Mit^i-:rioi(oir~ioDia5ic)i-'iCMi(r'i^iuT 

1                            '^                                1                       1                       1                        1                        1                        1                        1                        1                        1                        1— l|f-<|-^,^^|*-4|,^ 

1           a 1         1         1         1         1         1         1 

TEMP .  ! 
I DEG . C  )  ! 

2.00  ; 
2.00  ': 
2,00  '; 
2,00  '; 
2,00  ': 
2,00  '; 
2,00  '; 
2,00  ': 
2,00  '; 
3,00  '; 

3.00 
3.00 
3.00 

;  3.00 
:     3.00 
;  3.00 

H   .  ; 

Treat. 
7.50 
7.40 
7,40 
7,50 
7.50 
7,40 
7,40 
7.70 
7.30 
7.50 
7.  50 
7.  60 
7.50 
7.  60 
7  .  40 
7.40 

Raw 
3.20 
8,32 
8.05 
8.  11 
8.08 
7,93 
8.03 
8.30 
8.00 
8.00 
8.00 
3.  10 
8.  10 
3.  20 
8.20 
:   7,90 

REo.   ; 
g/L) 

Treat. 

METAL 
Al  (rr 

Raw 

1      <       '    --  1         1         1         1 ' 

a,       1    ■*  1         1         1         p         1         1         1         1         1         1         1         1         1         1         1         1 

COAG. 
AID 

mg/L 

COAGULANT 
1 ALUMi 

mg/  L 

4.62 

4.58 

4.22 

4.37 

4.  10 

4.  16 

3.34 

3.  16 
4.31 

4.  17 
4.36 
4,32 
4,36 
3,93 
4,09 
4,  13 

1     '  1         1         1 Ill           1 

-I..JI             1             1             1             1             1             1             1 Ol             1             1                1 

=>            1       .« 1              1              1               1               1               1     O     1               1               1                  1 

O          1      V    1            1            P            P            1            1            1            I            1            1            1            1            II            1            1 

f-ii.<p         1         p         1 ^1         1         1 

-          1    H 1            1            1            1            p            1            1            1            1            1            1 

COLOUf 
Raw 

3.00 

Treat. 
0.13 
0.  11 
0.  11 
0,09 
0,  11 
0,09 
0,11 
0,09 
0.  10 
0,  11 
0.  10 
0.  10 
0.  10 
0.  10 
0.11 
0.  10 

FY  1 FTU ) 

Filter 
0.13 
0.  13 
0.11 
0.  10 
0.  11 
0,10 
0,  12 
0,09 
0.  10 
0.12 
0.  12 
0.11 
0.  11 
0.  10 
0.  12 
0,11 

TURBID  I 
Set, 

;   Raw 
;   1.  70 
1.  15 
1.06 
2.30 
1,75 
0,83 
0.78 
1,  10 
1,35 
0.88 
0,92 
0,57 
0,61 
0.  63 
0.  74 
0,63 

i     w      ;    1    1    1    ;    ;    i    :    ;    ;    ;    ;    r    ;"  T  ' !'"""i 

H                   I'Dl'-PtDIOllOI— iltNJIOITimPtDlf-IODPOllOI— 1        1 
■X.                   1     -1     P     — '     1     -<     1     ->     P     tN3     1     CM     1     CO     1     '.M     1     CM     1     OJ     1     ^■-J     1     M     1     C^l     P     ro     1     IT'     1     tT'        | 

_. ' .' ' ' ^l_ ' J 1     __    1              1              1              1               1              P               1               P                  1 

TEHP. 
(DEG.Cj 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
7.90 
7.60 
7.60 
7.60 
7.60 
7.40 
7.50 
7.50 
7.50 
7.50 
7.50 
7.70 
7.80 
7.70 
7.50 

E 

Raw 

8.60 

8.  40 

8.30 

8.30 

8.30 

7.90 

8.  10 

8.20 

8.  10 

8.20 

8.  10 

8.20 

8.70 

8.  40 

8.20 

1    .p  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1          1 

1      OJ     1             1             1             1             1 Ill 

'0  —   1     1) ' 

lUJJlljl            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

loi^lf-l           1           1           1           1           1           1           1 

W  1          1 II 1 

.<     w       1                     1                    1                     1                     1                     1                    1                    1                    1                     1                    1                    1                    1                     1                     1                    1                         1 

1    (.-      1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1 

[iJ-1131           1           1           1 1              1 

Z-^i* 1 1           1           1              1 

!             1  u:  1        1        1        1        1        1        1        1        1        1        i        1        1        1        1 

1             1        1        1        1        1        1        1        1 

1             1        1        1        1        1        1        1        1        1        1        1 

1             1        1        1        1        1        1        1        1 1 

1              1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

1       rj           ,    J    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 
<          1     \    1            1            1            1 Ill 

a,       1    »  1        1 1        1        1        1        1 

1     S    1           1           1          1           1          1           1           1          1           1           1          1           1           1          1 

1             1        1        1        1        1        1        1 1        1        1        1 

1    -    :    :    i    !    ; :    ;     i 

|O<l'50l          1          1          1          1 

i     u      1    e  1       1        1        1       1        1        1       1       1        1        1        1       1       1        1         1 
1             1 II 1 

COAGULANT 
( ALUM) 

mg/  L 

3.  99 

4.25 

4.76 

4.30 

3.98 

4.00 

5.37 

4.00 

3.90 
4.20 
4.22 

Treat. 

COLOUI 
Raw 

Treat. 
0.  10 
0.11 
0.  10 
0.09 
0.11 
0.  12 
0.09 
0.  12 
0.  17 
0.27 
0.34 
0.31 
0.31 
0.15 
0.  13 

Filter 
0.11 
0.11 
0.  10 
0.  10 
0.  13 
0.12 
0.  10 
0.11 
0.27 
0.30 
0.39 
0.34 
0.30 
0.13 
0.14 

TURECDI 
Set. 

'   Raw 
0.89 
0.91 
0.84 
0.56 
0.70 
0.66 
0.61 
0.73 
0.75 
0.59 
0.59 
0.53 
0.59 
0.65 
0.64 

u.      ;    ;    :    1    ;    !    ;    ;    ; ; 

S-             1— 'iCMi'oi-a'i-oicxiir^iooicnioi— iiniroiTTiin 

i3                 1            i            1            1            1            1            1            1            1            I'^l'^l'^l'^l'^l'^ 

'11          1          1          1          1          1          1          1          I          1          1          1          1            1 

TEMP. 
1 DEu . C  ) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
7.50 
7.50 
7.40 
7.40 
7.50 
7.30 
7.40 
7.30 
7.  40 
7.30 
7.40 
7.30 
7.40 

Raw 

8.  10 

7.98 

8.  14 

8.  16 

8.01 

8.20 

8.20 

8.  10 

8.30 

8.20 

8.20 

3.20 

8.20 

1    Id  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1 

03    -    1     I'    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 
WJlLiI              1              1              1              1              1              1              1              1              1              1              1              1              1               1               1 

K-^iHl            1            1            1 1            1            1 

1               » 1 1            1            1            1 

?i-:    ;    ;    ;    i    ;    :    1    !    !    1    ;    !    ;    :    !    ; 

W-ll3lllllllltlllllll 

^•*:^:    !    !    ;    :    1    ;    :    :    i    :    :    ;    :    i    ! 
;    i    :    :    ;    :    1    ;    :    :    ;    ;    ;    1    i     1    1     i 

:    ;    :    ;    ;    !    ;    1    ;    ;    ;    ;    ;    1    ;    1    1     i 

O         1    -J    1           1           1           1           1           1           1           1           1           1           1           1           1           1           1           1              1 
<          1      -V    1           1           1           1           1           1           1           1           r           

a.       1    ■»  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

I     E    1           1           1           1           1           1           1           1           1           1           1           1           1           1           1           I              1 

AID 
mg/L 

COAGULANT 
I  ALUM  1 

tug/  L 

4.33 

4.66 

4  .  33 

4.73 

4.65 

4  .  68 

4.75 

4.51 

3.92 

3.94 

4.38 

5.04 

5.87 

<  (TCU) 
Treat. 

COLOU 
Raw 

;  Treat. 

'  0.  10 
0.  10 
0.  10 
0.13 
0.  15 
0.  12 
0.  10 
0.  11 
0.  11 
0.11 
0.11 
0.  13 
0.  11 

1      - 1        ---------...-..---.-..... 

1       :^         '^'— 'i-Hi^ic^iinicsji^jii-iiCNjicsji— iir?i— II           i          i 
^         i^'i          1       ■i"^i'^i'^l'^I'^|'^|'^]"^]i]'^]'^|           \          1 
—          '— 'lOIOIOIOIOIOlOIOIOIOIOIOlOl            1            1 

CI      '      1       I      <       1       1       1       1       1       1       1       !       1       1       !       !       ! 

1     -1       1     ■  1 1        1        1        1 

m       1    4j  1         1         1         1         1         1         1         1         . 

1:1:          1      U    1 II 

^    ;  -^ :    ;    ;    :    1     ; ; 

1        1 .. __              i    •    1    1    1    1    1     1 

;   Raw 

;  0. 54 

0.52 
0.47 
0.52 
0.  55 
0.67 
0.56 
0.60 
0.62 
0.  60 
.  0.64 
5.20 
2.20  ', 

S            '         '         '         '         1         '         ■         1         i         1         1         1         1 

'-•             '    '^    '    '-    '    •»    1    m   1    0    1    -H    1    c-j   1    r^   1    -r   1    in   1    'r>   1    --    1    CD   1    O)   1     ->    1    -1 

Q                     "•         -    !     -'    '     -^    '    f^    '    t^    '    f^    •    f^    1    Ol    1    CJ    1    CM    1    CJ    1    C-J    1    M    1    ^    1    r,       1 

' -----------'--   '--J- -J- -J. -J. -J..  J.. J.  .J...   '    ..'•           '             i 

TEMP. 
1  DEG. C  ) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 

H 

Treat. 
7.60 
7,  50 
7.40 
7.70 
7.70 
7.70 
7.60 
7.60 
7.60 
7.50 
7.  40 
7.50 
7.70 
7.30 
7.40 

f 

Raw 
8.40 
8.40 
8.20 
8.  50 
8.30 
7.90 
8.  40 
8.  10 
8.  10 
8.  10 
8.  10 
8.20 
8.20 
8,  30 
8.30 

1    »j Ill          1 

.            1       (T)     P              1              1              1              1              1               1              1              1              1               1              1               1              1              1 

1      (n  ~  1    4'  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1 

IWJilj 1            1            1            1            1            1 

iK^if-p         1         1         1         1         1         1         1         1         1         1         1         1         1         1 
1          V  1        1         1         1         1         1 1111 

METAL 
Ai  (n 

Raw 

1 1    7   -,--,-,- ;     ;     !     ;      i 

:^    i-i    i    i    :    i    i    ;    i    i    i    i    i    !    i    ! 

a,        1    (Ki  1         1         1         1         1         1         1         1         1         1         1         1         P         P         P 

;  ^ ;    ;    :    ;    :    !    ;    :    i    1    :    ;    :    1    :     ! 

:jai  -^i    i    i    i    i    i    i    i    i    i    i    i    i    i    i     1 
8-*:ii    i    i    i    ;    i    i    i    i    i    i    i    i    i    i     i 

COAGULANT 
1 ALUHl 

5.60 
5.30 
5.70 
5.80 
5.70 
5.90 
4.60 
3.40 
3.50 
3  .  50 
3  .  30 
3  .  30 
4.90 
4.70 
4.30 

V  (TCU) 
Treat. 

COLOUF 
Raw 

11.00 
6.00 

Treat. 
U.  11 
0.09 
0.  10 
0.  10 
0.  11 
0.  11 
0.  12 
0.  12 
0.  12 
0.09 
0.08 
0.11 
0.  17 
0.  12 
0.11 

PY  ( FTU  . 

Filuer 
I.I ,  11 
0  .  09 
0.  10 
0.  10 
0.  12 
0.13 
0.  12 
0.  12 
0.  12 
0.  10 
0.09 
0.09 
0.  16 
U.  14 
0.  11 

TUREIDn 
Set  . 

2.50 
1.80 

3.  40 
6.50 
3.80 
2.50 
2.40 
1.80 
1.06 
1.45 
0.73 
0.79 
4.50 

4.  70 
1.  50 

1     r    7    7  --------------- — - 

U             11 1 

H;                   P-IICMI'^l-»'lu>l'rill-100l'J)10l-HICVJir01-3-llf1        1 

'^              p          1          1          p          1          1          1          1          1          l-.<l^l^l.-tl^^l^l 

a           1        1        1        1        1        1        1        1        1        1        1        1        1        1        , 

TEMP.  1 
I DEG . C  /  ; 

0.00  ': 
0.00  ': 
0.00  '; 
0.00  '; 

0.00  ! 

0.00  '; 
0.00  ': 
0.00  ': 
1 .00  ; 

1.00  ' 
1  .00 
1.00 
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3.90 

3  .  90 
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1.70 
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7.50 
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7.20 
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0.90 
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4.90 

5.50 

5.20 

5.00 

5.00 

5.00 

5.20 
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1      :=>         Pi^PrnPOProp-j'PCNjpcnpropc^pcsjPOP^PCMPTPCMpfr'      1 

1^      P4JP    .p    .p    .p    .1    .,    .,    .I'll    .l'^!!'"!]'"!!'^!]'^','^    1 

-            P     — 1    P     O     P     O     P     O     P     O     P     O     P     O     P     O    P     O     P     O     P     O     P     O     P     O     P     O     P     O    P     O       1 

TURBIDI 
'  Set. 

;   Raw 
;   0.79 

0.  66 
0.89 
0.86 
2.  15 
1.53 
1.47 

1.  15 
0,99 
0.79 
1.20 
1.30 
1.08 
1  .90 
2.07  1 

W             1          P          P          1          1          P          P          1          1          1          1          1          1          1          1            1 
H             i-'PiMpt^p-rpirip'DPi-poppiDpop-iPCMpnp-TPi.o      i 

Q         1       1       1       1       1       I       1       1       1       !'"!'^!~'l"l'"l""! 

p        p        p p        p        p        p        p        p        p 

-EMP. 
)EG  ,  C  1 

3.00 
3.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 
4.00 
5.00 

-        1         1         1         1         1         1         1         1         1         1         1         1         1         11         1           1 

Treat. 
7.40 
7.30 
7.40 
7.40 
7.  40 
7.40 
7.30 
7.50 
7.  40 
7  .  40 
7  .  40 
7.30 
7.50 
7.40 
7,  40 

i 

Raw 
8.  40 
8.40 
3.40 
8.  40 
8.30 
8.30 
8.  40 
8.  40 
3.30 
3.30 
8  .  30 
8.  40 
3.  40 
8.30 
8.20 

1     .  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1          1 
1    -iJ   1         1         1         1         1         1         1         1 Ill          1 

1      crl    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

n  -  1    i>  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

UJuJll^l                  1                  1                  1                  1                  1                  1                  1                  1                  1                  1                  1                  1                  1                  1                  1 

Qi-^lHI            1            1            1            1 1            1 

If  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1          1 

METAI 
Al  (n 

Raw 

'..^       1  ^  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1           1 
•^;        1     ^   1          1          1          1          1          1          1          1          1          1          1          1          1          1          1          1            1 

1         OU            1       V    1              1              1              1              1              1               1              1              1               1              1              1               1               1               1               1                 1 

1                   1     E    1           1           1           1           1           1           1           1           1           1 1 

rji  a    1    ^    1            1            1            1            1            1            ,            ,            1            ',            1            1            1            ',            ',            \               , 

l<'-ll-.l       1       1       1       1       1       1       1       1        1       1       1       1        1       1        i 

1     o  -s  1    V  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1         1 

1       U          1      E 1 1            1            1            1            1 

1 '.'.._'._■..'_.'..'..    1            '     _       ■     _       ■     _       ' 

COAGULANT 

mig/  L 
6  .  50 
5.50 
5  .  30 
5.  40 
5.50 
5.21 
5.50 
4.60 
5.00 
5  .  30 
4.60 
4  .  60 

4.  40 
4.80 

5.  10 

R  (TCUl 
Treat. 

1.00 
5.00 

i   COLOU 
;   Raw 

1  .00 
7.00 

;  Treat. 
':   (j .  1 3 

;  0.15 

0.  10 
0.07 
0.07 
0.  10 
0.  10 
0.  10 
0.08 
0,09 
0.11 
0.  10 
0.  10 
0.  10 
0.09 

1      ~       1         1         1         1         1         1         1         1         1         1         1         1         1         1        T    'T    ",          1 
1      p        '^i"i-5-ioi'-ir-ioi-ii-iitDia5i-iioi-^i-.icri 

H          l-UI-<|_,_HioiOI'-ii    —    l_.,OI'-^l-Hl^l«l-i.zl 
-          |-^I0I0I0    1010I0I0I0I0I0I010I0I01^1               1 

o     1      1      1      1      1      !      1      1      1      i      1      1      1      1      1      1      1       1 
03      1  *j  1       1       1        1        1       1        1       !       1        1        1        '       '        '        '        '         ! 
ce      '    1'  '       1       1       1       1       1       1       1                                                    1        1 
^      '  '-"  '       1       1       1       1       1       1       1 

!- 1          1          1          1          1          1           1           1          1          1          1           1 

1             l''>li'5IOlOI(Dlt-l«)l00IC-?l^|^|rt|.->if^l,.^l                j 

1  J  ;  '~  1  "  1  '^  ;  ■■■.  ;  ■"  ;  -^  ;  f~.  ;  ^  ;  -^  '  t~  ■  tn  1  o  1  ^  1  u:  I  ^  1       I 

i'^l'^I^I^JOlOlOlOIOlOIOIOI-ilJl-^IOl               1 

(-'             :    ■£    I    '2   1    '^    '    <^    1    o   1    -    1    r)    1    tn   1    Tj-   1    IT)    1    (o    1    t-       TO    1    .T)    1    .-5    1    - 

<                   1     -     ,     _     ,     -     ,     w     ,     CM     I     rj     ,     C-J     I     CM     I     ..-4     I     ^0     I     ,-.0     ,     OJ     1     M     1     ^     ;     (^     i     ^        1 

-EHF. 
)E(J  .  C  1 

5.00 
5.00 
5.00 
6.00 

D.OO 

6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
8.00 
8.00 
B.OO 
4.00 

-        1         1         1         1         1         1 11           1 

Treat. 
7.60 
7.60 
7.50 
7.40 
7.40 
7.30 
7.40 
7.50 
7.40 
7.30 
7.30 
7.20 
7.30 
7,40 
7  .  30 

Raw 

8.40 

8.  40 

8.40 

8.40 

8.30 

3.30 

8.40 

8.40 

8.40 

8.  40 

8.30 

8.30 

8.30 

8.  3ij 

8.20 

1               .      ■ 1,1,--, 

1    -    :  ^ :    ;    1    ;    !    ;    1    :    :    ;    :    :    :    :    ;     i 

1       W    ~    1      D    1            1            1            1 '            1            <            1            1            1               1 

ljJJll.<l            1            1            1            1            1            1            1            1            1            1            1            1            1            1               1 

Qi-vif-iiiiiiii 

•»  1          1           1           1           i           1           1 11             1 

<_   1          1           1           1           1           1           1           1           1          1           1           1          1           1           1           1             1 
1      H         1          1           1           1           1           <           1           1           1          1          1           1          1           1           1           1             1 
W-ii3iiiiiiiiriiiiii             i 
E-Cin 1           1           1          1           1          1           1           1           1 

1  Lt:  1        1        1 1        1        1        1        1        1        1 

1        1        1        1        1        1        1        1        1 11          1 

1        1        1        1        1        1        1        1        1        1        1 1 

o       1  J  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
<       1    -^  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

IX,           1      W 1             1             1             1             1             1             1             1             1 

1      e    1            1            1            1            1            r            1 Ill 

1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1         1 

-J  Q    1    J    1            1            1            1            1            1            1            1            1            1            1            1            1            '            1 

<'-il^l            1 1            1            1            1            1 

0<lV lllllll               1 

o       1    e  1 lllllll 

COAGULANT 

mg/L 
5.  19 
6.51 
5.29 
5.34 
5.04 
5.88 
4.95 
5.01 
4.83 
5.03 
4.95 
5.  14 
5.24 
5.13 
.0.32 

^  (TCU) 
Treat. 

1  .  00 
1  .00 
1.00 

COLOUI 
Raw 

1.00 
1.00 

1  .00 

Treat. 
0.  10 
0.09 
0.07 
0.  10 
0.  10 
0.  12 
0.  10 
0.  12 
0.  10 
0.  11 
0.11 
0.09 
0.  10 
iJ .  1 1 
0.12 

rV  1 FTU  1 

'Filter 
0.  10 
0.  10 
0.08 
0.11 
0  11 
0.  13 
0.  10 
0.  10 
0.11 
0.  13 
0.14 
0.O9 
0.  11 
0.  12 
0.  12 

TURBIDI 
;  Set. 

1   Raw 
:   0.83 
1.11 
0.73 
0.93 
1  .  00 
0.97 
0.83 
1  .  17 
1.  18 
1  .67 
1.43 
1  .63 
1.55 
1.15 
I  .  20  i 

H                  1     -1     1     ■■•J     1     t^     1     -r     1     VI     1     -D     1     t-     1     CO    1     T)     1     O     1     ^    1     CSJ     1     to     1     -*     1     ID       1 

EG.C) 

4.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
8.00 
9.00 
L9.00 
19.00 
19.00 
19.00 
20.00 
20.00 
20.00 

t-       J         1         1        1         1        t        1        1         1         1         1         1         1         1         1         1          1 

H 

Treat. 
7.30 
7.30 
7.30 
7.30 
7.60 
7.50 
7.40 
7.  40 
7.  40 
7.  30 
7.40 
7.  30 
7.  40 
7.30 
7.70 
7.50 

Raw 

8.30 

8.30 

8.30 

8.30 

8.40 

8.  40 

8.30 

8.40 

8.  40 

8.  40 

8.00 

8.30 

8.  30 

8.  30 

8.  30 

8.30 

RES. 
Treat. 

<  - 1         1         1         1        1         1         1         1         1         1         1         1 

H          1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

W-iis 1        1 1 

S<iioi         1        1         1         1        1         1        1         1         1         1 

1  a  1        1         1         1        1        1         1 II 

1         1         1        1         1        1         1         1         1         1         1         1         1         1         1         1         1 

'J       1  o  1         1        1         1        1        1         1         1        1         1         1         1         1         1         1         1 
<       1   \  1         1         1         1         1        1         1         1 

Ou          1     M 1 1            1            1            1 

1    e  1        1        1        1        1        1        1        p        1        1        1        1        1        1        1        1 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.73 

5.98 

5.76 

5.49 

5.78 

5.81 

5.77 

5.72 

5.22 

4.84 

5.60 

5.39 

5.  46 

5.46 

5.39 

6.01 

^  (TCU) 
Treat. 

COLOUI 
Raw 

4.00 
1  .00 

Treat. 
0.  10 
0.09 
0.09 
0.  11 
0.10 
0.  11 
0.08 
0.08 
0.  12 
0.  10 
0.09 
0.09 
0.09 
0  10 
0.09 
0.08 

n    (FTU) 

Filter 
0.  10 
0.09 
0.  10 
0.10 
0.  10 
0.11 
0.09 
0.09 
0.11 
0.  10 
0.  10 
0.09 
0.  10 
0.  10 
0.09 
0.09 

TURBIDI 
1  Set. 

;   Raw 

:     1. 12 

1.  12 
1  .60 
1.35 
1.10 
1.07 
1.31 
1.40 

2.  40 
1.25 
1.46 
0.90 
1  .00 
Ij.  70 
1  .00 
0.91 

w      !    I    i    i    1    1    1    1    1    1    I    1    !    1    :    1     1 

H;             |'Oi'--i<Di<J>iOP^icMini-<TioitDpr~icDicDi.-<i-H 
^                 '^''^i-^i'^iCMPtMPC\)ic\jpc\oic\)PMic\jicMprginin 

"                                11 Ill 

'          p          1          1          1          p          1          p          p          p          p          1          1          1          ,          1 

TEMP.     : 
( DEG . c ) ; 

20.00     1 
20.00     I 
20.00    i 
20.00     1 
20.00     1 
19.00     1 
20.00    i 
20.00    i 

;   20.00   ; 
:  19.00  ' 

i     20.00     1 

';   19.00 

i     19.00 

';    19.00 
';    19.00 

H           i 

Treat.  ! 

7.  20 

7.30 

7.40 

7.40 

7.30 

7.30 

7.60 

7.60 

7.30 

7.70 

i       7.60 

!       7.70 

i       7.80 

';       7.70 

';       7.70 

P 

Raw       1 

8.60    ': 

8.40 

8.40 

8.40 

8.40 

8.40 

8.50 

8.40 

1       8.30 

!       8.60 

!       8.60 

1       8.70 

i       8  .  80 

':       8.60 

!       8    60 

RES .        i 
g/L)          1 

Treat.  1 

METAL 
Al    (m 

Raw       1 

PAC       i 
mg/L       1 

COAG .     i 
AID       1 

mg/L       1 

coagulant! 

lALUM)        1 
mg/L 
5.94 
5.44 
5.30 
4.94 
5.43 
6.58 
5.85 
5.33 
5.29 
5.55 
6.  14 
7.96 
5.81 
;            5.57 
':            6.23 

(TCU)     i 
Treat.  ; 

1  .00 
1  .00 

COLOUP 
Raw 

1  .00 
1  .00 

Treat. 
0.07 
0.  10 
0.11 
0.  12 
0.  10 
0.  10 
0.  10 
0.  10 
0.  10 
0.  10 
0.11 
0.13 
0.  11 
0    1)9 
0.  10 

~       1        1        1        1         1        1         1         1         1        1         1        1         1         1         1         1          1 
O         il<icoiPJiroio>jioiOi'-iir>oi— 'lOi-a-i^it^iOi^      1 

li<        1    »j   1         1         1         1         1         1         1         1         1         1         1         1         1         1      ■   ' 

—          l.-H10lOIOIOIOIOIOIOIOIOIOIOIOir)lO 

1   •-<   1         1         1 1         1         1         1         1         1         1 

:-        1    U,    1          1          1          1          1          1          1 

TURBIDH 
Set. 

Raw 

0.85 

1.52 

1.90 

1.31 

0.94 

0.93 

0.72 

0.92 

1.  10 

0.96 

1  .00 

0.99 

1.  10 

0.77 

0.  85 

1    u: 1    1    1    I    1    1    :    ; 

1           f-              i^icoin)Triini(i>rt^iooia;ioi*-»ioJicoi-?rit-'; 
1            < 1          1          1          1          i^i^i^iwi    —    i    — 

1     '^     1    ;    1    1    1    1    1    1    1    :    1    1    1    ;    i     1 

EG . C  )  1 

9.00  '; 

9.00  i 
9.00  'l 
9.00  ': 
9.00  'l 
9.00  i 
9.00  i 
9.00  ' 
9.00  ' 
9,00 

19.00 

19,00 

19,00 

18,00 

19.00 

19.00 

^ti, ,,,;,,     1     :     ;;.     ;     ;     ;     ;      i 

H 

Treat. 
7.70 
7.70 
7.80 
7.90 
7.90 
7.60 
7.40 
7.20 
7.20 
7.20 
7.20 
7.  30 
7.30 
7,20 
7,40 
7.50 

Raw 

8.60 

8.70 

8.70 

8.90 

8.90 

8.70 

8.40 

8.30 

8.  10 

8.  10 

8.  10 

8.  10 

8.30 

8.30 

8.40 

8.  50 

RES. 
g/L  1 

Treat . 

<  -  p         1         1         1         1 1         1         1         1 

1      f-        1         1         1         1         1         1         1         1         1         1         p         1         p         i         I         1         1 

IW—    13 1            1            1            1            1            1            1            1            '            1 

ir-tiwi         1         1         1         p         1         1         1         1         p         1         1         1         1         1         1 

1       :  ^ :    !    :    !    i    :    1    :    !    :    ;    1    :    :    :    : 
1    1    1    1    1    1    1 1 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
1  ALUM) 

mg/L 

5.20 

4.71 

5.80 

6.30 

6.80 

6.20 

6.20 

6.  10 

6.40 

7.00 

5.50 

5,60 

5,50 

6.  10 

6.20 

5.30 

i    (TCU) 
Treat. 

1.00 
1  .00 

COLOUf 
Raw 

3.00 

1.00 

Treat. 
0.11 
0.  13 
0.  12 
0.  10 
0.09 
0.  11 
0.  10 
0.11 
0.08 
0.08 
0.  13 
0.11 
0.  12 
0.  10 
0.  12 
0,  10 

FY  iFTU) 

Filter 
0.14 
0.  14 
0.13 
0.  10 
0.09 
0.  13 
0.  10 
0.  12 
0.09 
0.09 
0.  13 
0.  12 
0.  12 
0.  10 
0,  12 
0,  10 

TURBIDI 
Set. 

;   Raw 
0.69 
0.64 
0.86 
0.59 
0.59 
0.41 
0.40 
0.41 
0.45 
0.60 
0.97 
1  .21 
1.  13 

0  .  63 

1  .37 
1.50 

s     !    :    :    1    :    :    1    ;    :    1    :    y  y  y   ;'  y  "i 

f-             i<^ii--i<r>iCT)ioirticvjpni-a-iuii(Dit-ioop-7>POi-i     1 
<              i-^i'-ii-'P-iicvjic\JiCNjicMic\)ii-jirgio)iCNJic\)ic"in      | 

EMP .    ; 

EG . C  )  1 

9.00     I 
9.00    i 
9.00    'l 
9.00     1 
9.00    '; 
9.00    ' 
9.00     1 
9.00    ' 

8.00   '; 

8.00 

8.00 
18.00 
L8.00 
18.00 
L8.00 

^      "       1 1 1 

H             ; 

Treat. 
7.50 
7.50 
7.60 
7.50 
7.40 
7.60 
7.30 
7.40 
7.60 
7.60 
7.60 
7.50 
7.30 
7.50 
7.60 

Raw       1 
8.50 
8.40 
8.60 
8.50 
8.40 
8.40 
8.40 
8.40 
8.40 
8.60 
8.60 
8.40 
8.40 
8.30 
'       8  .  30 

RES.        ! 
g/L)          1 

Treat. 

METAL 
Al    (ir 

Raw       1 

PAC 
mg/L 

1          rj  Q     1     J     ,              1              1 ' 

1     <  ►-<  1  -^ 1 

io<i'* II          II          II 

1       O         1     E    1          1          1          1          1          1          1          1          1           1          '          '           1 

1               1         1        1         1         1         1         1         1         1         1         1         1         1         1         1         1          1 

COAGULANT 
1  ALUM) 

mg/L 

4.60 

4.60 

4.80 

4.90 

4.80 

4.90 

5.10 

5.40 

5.50 

5.20 

5.50 

5.50 

5.40 

5.70 

5.20 

C    (TCU) 
Treat. 

1  .00 
1.00 

3          11 Ill 

Ol            1           1            1            lOI            1            1            1            1            lOI            1            1            1            1               1 
Jljl           1            1            lOI            1            1            1            1            lOl            1            1            1            1               1 
O         1     n    1          1          1          1       .    1          1          1          1          1           1       •    1          1          1          1          1             1 
UilKi           I           1           l-ii           1           1           1           1           1^1           1           1           1           1              1 

1         1        1        1         1         1         1         1         1         1         1         1         1         1         1         1          1 
1                1         1        1        1         1         1         1         1         1         1         1         1         1         1         1         i           1 

1               1      ' 1         1         1         1         1         1         1         1         1         1           1 

1                 i4->inir5icsjic\jicoioioioiOi'-"i-<ioioi— -i-a-     1 

1                      1      !•    1       ■    1       .    1        .    1        .    1       •    1        ■    1        •    1        .    1        •    1        ■    1            1        ■    1        •    1        ■    1        ■ 
1                      IIJIOIOIOIOIOIOIOIOIOIOIOIOIOIOIO       1 

1                1   f-   1         1         1         1         1         1         1         1         1         1         1         1         1         1         1           1 
1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1           1 

1       -        1         1         1         1         1         1         1         1         1         1         1         1         1         1         1         1           1 

1         2             lljITiniCVJICJIini-tlOI'-'IOOI-IIMI-llCMICVJIO        1 

1       U.          1     iJ    1       .    1       .    1       .1       .    1       .1       .    1       .    1       .1       .1       .1       .1       .1       .1           1       .      1 
I-IIOIOIOIOIOIOIOIOIOIOIOIOIOIOIO       1 

1               1  '^  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1          1 

1       >-         1    bL,    1          1          1          1          1          1          1          1          1           1          1          1          1          1          1             1 

TURBIDIl 
Set. 

Raw 
1  .  11 
1  .22 
1.04 
0.58 
0.67 
0.  82 
1.04 
0.81 
0.98 
1.30 
1  .50 
1.20 
1  .  12 
2.  10 
1  .07 

1       Ul 1      1      1      !!      1      1      1      1       1 

1           H             i-<ic\iioi-*iu>i'x>it~iooia)ici-'iCMitoiTiin     i 

1                     <^                        1                 1                  1                  1                  1                  1                  1                  1                  1                  |^^|^^|^H|*-<|<-l|'H| 
1                 O                    1              1              1              1              1              1              1              1              1              1              1              1              1              1              1                 1 

EHP. 
)EG.C) 

7.00 
7.00  , 
8.00 
8.00 
9.00 
9.00 
8.00 
L8.00 
8.00 
8.00 
18.00 
18.00 
18,00 
16.00 
6.00 

1              -       1        1 II 1 

>H 

Treat. 
7.50 
7.70 
7.60 
7.60 
7.60 
7.60 
7.60 
7.30 
7,50 
7,  50 
7.50 
7,  60 
7.  40 
7.  60 
7.70 

E 

Raw 

8.40 

8.60 

8.60 

8.50 

8.60 

8.60 

8.70 

8.  50 

8.50 

8.50 

8.30 

8.  50 

8.50 

8.50 

8.  60 

.    RES, 
Treat. 

METAL 
Al    (n 

Raw 

O          1    J    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 
<           1      X    1             1             1             1             1             1             1             1             1             1             1             1             1             1             1             1 

a,       1    « 

1               1=11111111 

1 '_.'._'_.'-'_-'..-'.'.-'.-'.-.'.'_.'..'_.'_.'..' 

COAG, 
AID 

mg/L 

COAGULANT 
I  ALUM) 

mg/L 

5.  10 

5.20 

4.90 

5.20 

5.40 

5.10 

5.50 

5.  10 
5.10 
5.20 
6.20 

6,  50 
D.30 
6.20 
6.20 

■C    (TCU) 
Treat. 

1.00 
1.00 

coLom 

Raw 
2.00 

2.00 

1         ,.111111,-,-,-    -,-    -,-  -y 

IJJI-HIOICMI-II^IOIOI— IICMIOI-Hl— l|vHl-^ll3>l 

1   <1  1       1     ■  1     ■  1     ■  1     ■  <     ■  1     ■  1     .1       1       1       1     .1     .  1     .1     ,  1 

IIJIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOI 

1  f-  1       1       1       1       1       1       1       ,,       1       1       1       1       1       1       1 

O           1      lJlCJIC^J10Jl^l-^l^l-Hlt-Jl[^l-^l-.|.-llt^Jl-•la)l 

u,    14J1  .1  .1  .1  .1  .1  .i~!i'ii'^i'^i'^i'-'i"!i'"i^. ; 

^           I^IOIOIOIOIOIOIOIOIOIOIOIOIOIOICI 

>     '  i^  i      '      !      i      1      1      !      1      1      1      !      I      1      !      1      !       1 

TURBIDI 
1     Set. 

1       Raw 
:       0.85 
0.81 
0.91 
0.75 
0.  73 
1.33 
0.85 
0.91 
0.76 
0.69 
0.76 
1.60 
0.99 
0.  6  7 
0.75 

(^      i    !    i    I    i    1    1    i    1    ;    1    ;    :    ;    ;    ; 

t-             itcii--iooic7>ioi-HicMitniTriir)i'.D,t~iooiCT)ioi-' 

g                   j     '-'     1     -■     1     --I     1     '-'     1     CM     1     CM     1     CM     1     CM     1     OM     1      .Nl     1     CM     1     Ovl     1     CM     1     OJ     1     n     1     n 

11,1,1111 

EMP. 
EG.C) 

5.00 
5.00 
5.00 
5.00 
5.00 
4.00 
4.00 
3.00 
3.00 
3.00 
4.00 
4.00 
14.00 
14.00 
14.00 

- ,1,111111          1 

H 

Treat. 
7.60 
7.60 
7.70 
7.50 
7,50 
7.60 
7.70 
7.70 
7.70 
7.  60 
7.60 
7.50 
7.60 
7.70 
7.60 

Raw 

8.60 

8.50 

8.70 

8.50 

8.50 

8.50 

8.70 

8.60 

8.60 

8.30 

8.50 

8.60 

8.60 

8.80 

8.40 

RES. 
g/L) 

Treat. 

1  ^-;    ;    ;    i    :    :    :    i    !    1    :    :    :    ;    :    ;     i 

W-HlSliiliili'iili 

2:<in3iiiil' '' 

1    CC    1 1           1           1           1           1           1           1           1 

1           1           1           1           1           1           1           1           1           1           1 

PAC 
mg/L 

OQlJllllll'llllllll 

<>-i\i 1        1        1        1        1        1        1        '        1          1 

0<iMii ,11111 

"    1  ^  1    1    ;    ;    1    1    :    1    1    :    :    :    :    1    ;     I 

COAGULANT 
(ALUM) 

mg/L 

5.98 

5.08 

4.65 

4.82 

4.98 

5.57 

4.65 

4.91 

4.83 

5.24 

5.65 

5.  19 

5.31 

5.22 

5.25 

-          1     *J    1    O    1            1            1            1            1            1            1    O    1            1            1            1            1            1            1              1 

OIOIOI            1 OI            1            1            1            1            1            1 

O         1     I'    1       ■    1          1 1          1 i 

F-lt<l-il              1              1              1              1              1              l-HI               1              1              1              1              1              1                 1 

w         1    H    1           1           1           1           1           1           1           1           1           1           1           1           i           1           1             1 

COLOUF 

Raw 
1.50 

1  .50 

Treat. 
0.09 
0.  10 
0.  11 
0.  10 
0.  11 
0.12 
0.  13 
0.  12 
0.11 
0.  11 
0.11 
0.  11 
0.  12 
0.  12 
0.  10 

rv  (FTU» 

Filter 
0.  10 
0.  11 
0.  11 
0.  12 
0.11 
0.  12 
0.  13 
0.  12 
0.  11 
0.11 
0.11 
0.11 
0.13 
0.  13 
0.  10 

TURBID n 
Set. 

Raw 

0.81 

0.66 

0.56 

0.63 

0.70 

1.28 

0.70 

0.  70 

0.59 

I  .03 

1  .08 

0.8o 

0.80 

0.76 

U.7  5 

1                       1         1         1         1         1         1         1 1         1         1          1 

U             1          1          1          1          1          1          1          1 

(—                  l*^ICN)lcni'^linitDlt^lC0l(Dt'-^I^ICMl(^|-^l,O       1 
<                  1             1             1             1             1             1             1             1             1             |^|^i^,_,^,^| 

la 1        1        1        1        1        1        1        1 

1                      1        1        1        1        1        1        1        1 Ill 

EMP. 
EG.C) 

3.00 

3.00 

3.00 

3.00 

2.00 

2.00 

2.00 

2.00 

2.00 

1.00 

LI. 00 

12.00 

L2.00 

2.00 

LI  ,00 

LI  .00 

^,11,1,11111111(1          j 

Treat. 
7.60 
7.60 
7.60 
7.60 
7.70 
7.30 
7.70 
7.40 
7.50 
7.70 
7.60 
7.60 
7.60 
7.60 
7  .  80 
7.  70 

E 

Raw 

8.60 

8.60 

8.50 

8.40 

8.30 

8.40 

8.70 

8.30 

8.40 

8.40 

8.  40 

8.40 

8,  40 

8,  40 

8  40 

8.  40 

RES. 
i«/L) 

Treat. 

METAL. 
AI  in 

Raw 

PAC 
mg/L 

COAG . 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.92 

4.79 

5.08 

5.  18 

5.45 

5.41 

5.28 

5.20 

5.31 

5.38 

5.35 

5.  16 

5.40 

5.72 

5.22 

5.29 

Treat. 
1  .00 

1.00 

1  .00 

COLOUf 

Raw 
1.00 

1.00 

1.50 

Treat. 
0.  11 
0.  10 
0.  11 
0.  10 
0.07 
0.  11 
0.  10 
0.  10 
0.  10 
0.  11 
0.  10 
0.  11 
0.11 
0.11 
0.  10 
0.  11 

~      1       1 

3           1      IjlOI'^ICvjIOIOICMIrtloiCXJICMI^I^I^IOI'HICM 

U,         \    tJ    \       .    1       ■    \           1       .    1       .    1       .    1       .1       .1       .1       .    1       .1       .1       .1       .1       .    1 

-          I-^IOPOIOIOIOIOIOPOIOIOIOIOIOIOIOIO 

1  -1  1        I        1         1        1 1        1         1         1         1         1 

>>          1    U,    1            1            1            1            1            1            1            1 Ill 

TURBIDI 
Set. 

Raw 

0.99 

0.92 

0.71 

1.  15 

1.22 

1.20 

0.81 

0.78 

0.83 

0.70 

0.67 

0.  79 
3.70 
2  .  40 

1.  50 
1.70 

w       :     1     1     1     1     1     !     1     i     i     i"    y--y--y--y--y--- 

t-             i'Oii-iaoia)ioi.-iicvjioi-*iinicriii--i<rii'7)ioi-' 

2                   l'^l'^l-'l'-'l<NI<MINIC\JI<\)ICMIC\l|rvj|^M|t,g,rr^|,,, 

-'-  —  -'----'-  — -'-  —  J. ...'....'. ...'....'. ...'...  '..'.'          '          '          '            1 

TEMP.  I 
( DEG . C)  I 

11.00  i 
11.00  ; 
11.00  i 
11.00  i 
11.00  i 

11.00  i 
10.00  i 

10.00  ! 

10.00  ; 
10.00  ; 

1  10.00  ' 

;  9.00 
;  9.00 
';  9.00 
':  9.00 

H     ;' 

Treat. 

7.40 

7.40 

7.30 

7.50 

7.40 

7.60 

7.40 

7.50 

7.  70 

7.  70 

7.30 

1   7.40 

;   7.30 

':   7.50 

';   7.40 

P 

Raw   i 

8.10  i 

8.30  ' 

8.20 

8.50 

8.50 

8.40 

8.20 

8.50 

8.50 

8.40 

1   8.20 

:   3.20 

i   8.40 

i   8.30 

';   8  .  30 

RES.   ; 
g/L)    1 

Treat.  ! 

1 
1 

METAL 
Al  (m 

Raw   1 

PAC  : 
mg/L 

1        1        1        1        1        1        1        1         1         1         1        1         1         1         1        1          1 

OOiiJi        1        1        '        '        '        '        '        '        1        1        1        1        1        1          1 
<  ^  1  \  1       1       1       1       1       1       1 

0<iWiiiii'''' 

o      1    e  1 

coagulant! 

(ALUM)  : 
mg/L 
6.00 
5.89 
5.73 
5.44 
5.35 
5.64 
5.64 
5.46 
5.47 
5.64 
5.51 
6.39 
6.03 
5.96 
■     5.76 

(TCU)  ! 
Treat. 

1.00 

1.00 

colour 

Raw 
2.00 

2.00 

Treat. 
0.  10  ' 
0.  10 
0.  10 
0.  11 
0.  12 
0.09 
0.  11 
0.  12 
0.12 
0.  13 
0.09 
0.14 
0.13 
0.  12 
0  .  10 

Y  (FTU) 

Filter 
0.  11 
0.  10 
0.  10 
0.  11 
0.  12 
0.  10 
0.12 
0.11 
0.12 
0.  13 
0.  10 
0.  14 
0.  12 
0.  12 
0.11 

TURBIDIT 
Set. 

Raw 
1.42 

1.  10 
1.00 

2.  17 
6.03 
5.13 

3.  10 
1.85 
2.  18 
9.52 

25.08 

16.03 

3.42 

3.25 

2.45 

1     w     ;    ;    1    ;    :    1    1    :    1    ;    1    1    ;    ;    ; 

(-             i^itMini-*iini'X)ir~iooia)ioi— iicvjiroiTTij-) 

<             1          1 _,|^,^i^i^i^ 

a              1          1          1          1          1          1          1          1          r 

TEMF, 
(DEG,C) 

8.00 
8.00 
8.00 
8.00 
8,00 
8.00 
8.00 
8.00 
8,00 
8,00 
8,00 
8.00 
6,00 
5,00 
5  00 

H 

Treat, 
7,30 
7,30 
7.30 
7.60 
7.  40 
7.20 
7.30 
7.30 
7.30 
7,  20 
7,80 
7,40 
7.  40 
7  20 
7  30 

Raw 

8,  30 

8,  30 

8,30 

8,20 

8,20 

8.  10 

8,20 

8,40 

8,  30 

7.90 

8,20 

8,40 

8,  30 

8,  10 

RES, 
g/Ll 

Treat, 

1     <  -  1         1         1 1 1 

H-         1          1          1          1          1          1          1          '          1          '          '          

W-HiSl           1           1           1           1           1           1           1           1           1           1           1           1           1           1           1 

i       i"i    i    ;    : i    ; 1 

PAC 
mg/L 

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.  14 
5.31 
5.24 
5.04 
4.96 

6.  12 
5.23 
5.25 
5.  26 
5.27 
5.39 
5,25 
5.55 
5,60 
5  43 

I  (TCU) 
Treat, 

1,00 
1,00 

COLOUI 
Raw 

1.50 

1,00 

Treat. 
0.09 
0.  12 
0.  U 
0.  12 
0.  10 
0.10 
0.10 
0.10 
0.  10 
0.08 
0.09 
0.  10 
0.09 
0.09 
0,  lu 

ry  (FTU) 

Filter 
0.  10 
0.13 
0.  11 
0.12 
0.11 
0.11 
0.  10 
0.  10 
0.09 
0.07 
0.  10 
0.  10 
0.09 
0.  10 
(1 ,  u 

TURBIDI 
1  Set, 

1   Raw 
;   2,22 
4.43 
1.  47 
1.  18 
1  .05 
0.70 
1.  15 
0.62 
0.64 
0.50 
0,84 
2,45 
5,13  ', 
1.50 
1  37 

1           "              '          '          '          i          i          '          1          1          1          1          1          1          1          1          1          1             1 
H             |<5|t~i<Di<^ioi-iicMicoi-a.|,ni<Dit-ia3i05i-i—     i 

1                Q                   1              ]     '^          "^     '     -^     1     "^     1     '■■^     1     CN"     1     CM     1     CO     1     CM     1     CM     1     CM     1     CM     1     CM     1      '•z     1     (T        1 
'__         __ 1              1              1              1              1              1              !                  1 

TEMF. 
(DEG.C) 

5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
4.00 

Treat. 
7.40 
7.60 
7.20 
7.10 
7.20 
7.40 
7.20 
7.20 
7.70 
7.60 
7.80 
8.00 
7.  70 
7.90 
7.90 

Raw 

8.30 

8.20 

7.90 

7.80 

7.80 

8.30 

7.90 

8.30 

8.50 

8.40 

8.60 

8.70 

8.60 

8.70 

8.  70 

RES. 
ig/L  ) 

Treat. 
0.  13 

0.07 

METAl 
Al  (n 

Raw 

0.  18 

0.0  3 

1               1 

<   1  ^  1    1    1    1    1    1    1 Ill     1 

a.       1    « 1 1          1 

1     E    1          1          1 1          1          1          1          1          1          1            1 

1               1        1         1        1         1         1         1         1         1        1        1 1 

COAU  . 
AID 

mg/L 

COAGULANT 
1  ALUM  I 

mg/L 

5.70 

5.30 

5.50 

5.60 

5.80 

5.30 

5.90 

5.60 

5.60 

5.60 

5.40 

5.  10 

5.40 

5.30 

5.20 

<  (TCU) 
Treat . 

1.00 
1.00 

COLOUl 
Raw 

1.50 
1.00 

Treat. 
0.  10 
0.  11 
0.  11 
0.11 
0.  10 
0.  10 
0.  11 
0.  11 
0.  10 
0.  10 
0.  11 
0.11 
0.  10 
0.  10 
0.  10 

Filter 
0.09 
0.  14 
0.12 
0.  11 
0.  11 
0.  10 
0.11 
0.  11 
0.13 
0.  11 
0.  11 
0.11 
0.  11 
0.11 
0.  11 

TURBIDI 
Set. 

Raw 

0.  98 

2.80 

6.30 

1.70 

1.00 

1.70 

1  .30 

1.20 

0.84 

0.95 

0.89 

0.83 

0.75 

1.80 

1  10 

u        1      1      1      1      1      1      1      1      1      1      1      !      1      1      1       1 

t^                   1— •l'N'l<^ITimP'.£)ll--IOOI05IOI'HICMlfOI-3-lin        1 

^          '       1       1       1       1       I       1       1       1       l'~'l'^l'^I'^l~'l'"l 

TEMP .  ; 
(DEG.C)  i 

3.00  i 
3.00  ! 
3.00  i 
2.00  i 
2.00  'l 
2.00  '; 
2.00  i 
2.00  'l 

2.00  '; 

2.00  ' 
1.00 
0.00 
0.00 
0.00 
,   0.00 

:  0.00 

H     : 

Treat. 
7.90 
7.20 
7.30 
7.40 
7.40 
7.60 
7.60 
7.50 
7.30 
7*:  30 
7.  40 
7.40 
7.60 
7.50 
7  .  40 
7.40 

F 

Raw 

8.70 
7.90 
8.00 
8.20 
8.10 
8.  10 
8.30 
8.30 
8.  10 
8.20 
8.  10 
8.20 
8.20 
8.  10 
7.90 
8.00 

RES. 
g/L) 

Treat. 

METAL 

Al   (IT 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.20 

5.50 

5.  10 
5.30 
5.40 
5.30 
5.30 
5.30 

6.  10 
5.40 
5.00 
4.90 
5.  10 
4  .  90 
4  ,  60 
4.  40 

i    (TCU) 
Treat. 

COLOUI 
Raw 

Treat. 
0.  12 
0.09 
0.09 
0.  10 
0.  12 
0.  10 
0.09 
0.07 
0.09 
0.  11 
0.  10 
0.09 
0.  11 
0.11 
0.10 
0.23 

rY  ( FTU  1 

Filter 
0.11 
0.  12 
0.  11 
0.  10 
0.  12 
0.  10 
0.09 
0.08 
0.  10 
0.  11 
0.  11 
0.  10 
0.  11 
0.11 
0.  u 
0.11 

TURBIDI' 
Set. 

Raw 

1.00 

1.00 

2.  10 
1.  10 
0.92 
0.86 
0.88 
1  .40 

3.  80 

4.  20 
1.50 
1.20 
1.50 
1.  10 
1  .20 
1.  10 

1           t-             i'-oit^icDiaiioi.-iicMiniTriir>i'.oii-iooioioi-H     1 
2              i"^i— 'i-'i-'iCMio\jic\jic\jic\)ic\i|..-\]ic\)ic\)itMinin      i 

TEMP. 
(DEG.C) 

O.op 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

H 

Treat. 
7.28 
7.34 
7.31 
7.44 
7.32 
7.38 
7.34 
7.42 
7.48 
7.32 
7.30 
7.20 
7.34 
7.37 
7.36 

E 

Raw 

7.66 

7.91 

7.76 

7.90 

7.91 

7.98 

7.94 

8.03 

7.91 

7.83 

7.75 

7.  45 

7.  81 

7.82 

7.  77 

RES.   1 
g/L) 

Treat. 
0.09 

0.07 

METAL 
Al  (it 

Raw 
0.05 

0.08 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.75 

4.99 

5.22 

5.09 

4.80 

4.50 

4.65 

4.44 

4.63 

4.53 

4.29 

4.56 

4  .  42 

3.98 

4.24 

I  (TCU) 
Treat. 

1  .00 

1.00 

COLOUF 
Raw 

2.00 

2.00 

1      .  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1          1 

1*J10I-<I01C\1I0I0I— IIOJI— il'-'l'-ilOICMl-MiO       1 

1     4)    1            1       .1        .    1            1        .1        .1        .1        .1       .1            1            1            1            1            1               1 
1      IJIOIOIOIOIOIOIOIOIOIOIOIOIOICIO       1 
1    t-    1            1            1            1            1            1            1            1            1            1            1            1            1            1            1              1 
1            1            1            1            1            1            1            1            1            1            1            1            1            1            1            1               1 

~           1             1             1             1             1             1             1             1             1             1             1             T             1             1             1             1                1 
:^            lljI-^IC-OlCMITTI-Hlv-lltniNl     —     ICNJICMI     —     ICOITI-<        1 

U,          1     .iJ    1            I.I        .    1            1            1        .1            1        .    1       .    1        .1        .1        .1            1            1        .       1 
—           I^IOIOIOIOIOIOIOIOIOIOIOIOIOIOIO       1 

1   —1   1         1         1         1         t         1         1         1         1         1         1         1         1         1         1           1 
>-         1    U<    1           1           1           1           1           1           1           1 1 

TURBIDII 
Set. 

Raw 

2.03 

1.01 

3.07 

3.05 

2.23 

2.27 

1.82 

1.05 

1.05 

1.92 

1.36 

1.  10 

9.73 

2.03 

1.35 

1                      ^        ^        ^        ^       .-      ..   ......................... 

'.         iii           1        1        1        1        1        1        1        1        1        1        1        1        1        1        1          1 
1           t-             i-'irMini-*imi(r)ir~itDio>ioi-'i(~Ji'ni-»iuo     1 

1          Q            1         1         1         1         1         1         1         1         i         I'^l'^l'^l'^I'^l"'! 
1                           1          1          1          1          1            1 

TEMP. 
(DEG.C) 

0.00 

O.ob 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
7.41 
7.35 
7.68 
7.40 
7.60 
7.37 
7.54 
7.56 
7.38 
7.45 
7.31 
7.  50 
7.53 
7.32 
7.31 
7.52 

Raw 

7.79 

7.75 

7.90 

7.80 

8.10 

7.95 

7.94 

7.93 

7.93 

7.99 

7.82 

8.06 

8.06 

8.09 

8.09 

7.94 

.  RES. 
ig/L) 

Treat. 
0.08 

0.06 

METAl 
Al  (n 

Raw 
0.26 

0.05 

1               ,        ,        ,        , ,,,,"",■- 

1               ,,,,,,,, 

1      'J       ,  -3  ,,,,,,,         ,         

1      <       1   \  1        1        1         ,        ,         ,         1         ,         ,         , 

1     a.       ,    w  ,        ,        ,        ,        1        1         ,         ,         ,         ,         

COAG, 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.22 

4.38 

4.07 

4.  10 

4.24 

4.33 

4.32 

3.97 

4.  15 

4.  19 

4.37 

4.  15 

4.  15 

4.01 

4.25 

4.52 

=t  (TCU) 
Treat . 

1  .00 

COLOU 
Raw 

1  .00 

;  Treat. 
0.  11 
0.  11 
0.11 
0.  11 
0.  12 
0.  12 
0.  12 
0.  12 
0.  12 
0.  12 
0.  12 
0.  11 
0.11 
0.11 

0.11  ; 
0.11  '; 

!    ::      1  .'       1       1       1       1 ,"7     7     7""",       ', 

O            'i'l'-'IO,-H,w,CM|^|rt|CMICvJirr>,CM,C\l,C\J,i.MI-H,-^ 

1     ^      '  *^  1     •  ,     ■  ,     ■  ,     •  ,     •  ,     •  ,     .  1     .  ,     .  ,     .  1     .1     .1     .  1     .  \     .  ,     . 

j        -          |-IIOIOIOIOIO,    0101010,0101010,0,01-^       1 

1  t    :'^1-J--1-1..1..1.J...L_'    !!!:::;     I 

TURBIDI 
;  Set. 

'"''''Ill,,,,,'    " ",         ,         1          ^1 
i,in,M,(Di<»it-ioir5it-ic\),(\j,o,o,o,co,coiin 

,u:,-i,c\j,wir5ir-|.»icji<,,i^it^if^|j^|^|_,|^[_; 
'          '          '          '          1          1          1          1          1          ,          ,          ,          ,          , 

S               |]^;~';'^|^-'|'^if^irgiCMicvjic\j,w,CM,oj,nit'5 

TEHP. 
(DEG.C) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Treat. 
7.52 
7.52 
7.20 
7.32 
7.39 
7.38 
7.20 
7.38 
7.35 
7.41 
7.  44 
7.37 
7.45 
7.  14 
7.27 

Raw 

7.85 

7.92 

7.90 

7.92 

7.90 

7.89 

7.94 

7.82 

7.83 

7.97 

7.96 

7.91 

7.92 

7.  50 

7.83 

.  RES. 
ns/L) 

Treat. 
0.06 

0.07 

METAI 
Ai  (n 

Raw 
0.03 

0.02 

U         1    J 1 

<       1    \  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1 

Q-i         1     W 1           1           1           1           1           1 

1     E    1           1           1           1           1 Ill 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.97 

4.47 

4.57 

4.89 

4.61 

4.30 

4.84 

4.85 

4.92 

4.09 

4.19 

3.92 

3.89 

3.91 

3.93 

I    (TCU) 
Treat. 

1.00 

COLOU! 
Raw 

1.50 

Treat. 
0.11 
0.11 
0.  12 
0.  12 
0.11 
0.  11 
0.  10 
0.35 
0.42 
0.22 
0.12' 
0.  11 
0.  11 
0.12 
0.11 

ry  (FTUi 

Filter 
0.  11 
0.  12 
0.  12 
0.  12 
0.  11 
0.10 
0.  14 
0.42 
0.  13 
0.11 
0.11 
0.  11 
0.  10 
0.1.3 
Oil 

TURBIDI 
1  Set. 

Raw 

2.35 

1.72 

1.  40 

3.27 

1.83 

0.89 

1.05 
0.77 
0.97 

1  .00 
0.94 
0.  89 
0.85 
0.91 
0.93  ! 

^      1    1    :    :    i    1    1    1    y  T  -■,---y--y---,---|---i 

H             i'-'i^i"i'»'i'r>i<cif~iir)io>ioi-<icMit^iTriin      ( 

«      lljlii:;;!-;-;-;-  — :-| 
J J ' ^1 1 .. '     '     1     1     1     1     1      1 

!       „■        '-'         '    °    1    °    1    O    1    O    1    O    1    O    1    O    1    O    1    O    1    O    1    O    1    O    1    o    1           I           I             1 

1   ^    ^    ;oioioioioioioioi5i5;5l§lg|     ;     ;      | 

pH 

1  Treat, 

;   7.37 

\       7.38 

!   7.35 

1   7.23 

7.15 

7,34 

7,29 

7,20 

7,38 

7.26 

7,  18 

7.25 

7  ,  20  i 

;   Raw 

1   7,80 

;   7.73 

:   7.87 

:   7,73 

7,70 

7.61 

7.70 

7.69 

7.68 

7.72 

7.67 

7.70 

7.70  ', 

L  RES. 
mg/L  ) 

1  Treat, 
i   0.07 

0.07 

1      <  -  1        1        1        1         1        1        1         ,        ,         .        ,7      ",""", 

W-I13I           lOI           1           1           1           1           iSi           1                                                                   ' 
I2I<lfl3l            l-i            1            1            I            1            I.I            1            ,            ,                                    '            ' 

1         \  °^  \     \  °  '     '     '     >     1     loi     1     1     1     1     1     I     ; 

:     PAC 

1  mg/L 

:  COAG- 

;  AID 

1  mg/L 

i COAGULANT 
1  (ALUM) 

1   mg/L 

1     3.97 

;     4.07 

1     4.03 

:     3.80 

4.07 

4,42 

4,  42 

4,91 

4,61 

4.63 

4.  40 

4.50  i 

4.96  i 

R  (TCU) 
;  Treat. 

i   1.00 
1,00 

1   COLOU 
:   Raw 

!   1  ,00 
1  ,00 

1    ^    ;    o    ,    o    1    O   j    O   j    O    I    O   .    O   j    d   .    O   I    o    I    o   I    o    1    o    1          ,'          1 

1 ' ' _' '  _ !      J      ]      ]      [      \ 

U,               I4J|           ,|           ,|           ,|                  ]'^j'-'j'^l'^l-Hlrtl-<|_H|_,|                  1                  1 

^    1  ::^  1  °  1  "^^ :  ■=>  i  °  !  °  1  o  '  °  1  o  1  o  I  o  1  o  1  o  1  o  1     1     1 

>■           1     [k    1             1                                                                 I             1             '             1             1 

(-      1 ......  '       '       '       1       1       1       1       1       1       1       1 

TURBIDI 

1  Set, 

:   Raw 
!   0,76 
!   0.80 
;   0.79 
0.72 
0,75 
0.92 
0,  97 
0,91 
0,82 
0,64 
0.63  i 
0  ,  56  ! 
0.  45  i 

i    isi:;is|2io|-  .  „|,;.|j.  j,LL^ 

TEMP. 
(DEG.C) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,  00 
0.00 

Treat. 
7.21 
7.21 
7.24 
7.39 
7.30 
7.37 
7.  17 
7.  18 
7.20 
7.24 
7.06 
7.23 
7.  21 
7.  38 
7.  34 

E 

Raw 

7.72 

7.71 

7.68 

7.76 

7.84 

7.83 

7.65 

7.60 

7.69 

7.62 

7.67 

7.68 

7.69 

7.  89 

7.68 

.  RES. 
^g/L) 

Treat. 
0.06 

METAI 
Al  \.n 

Raw 
0.02 

o       p  J  p p         1         1         1         1         p         1         1 

<       p   \ 1 

a.       1    w  p        p        p        p        p        p PIP          1 

1     E    p          p          p          p          p          p          p          p          p          1          p          p          p          p          p            1 

p        p        p        p        p        p        p        p        p        p p          1 

lOOiw^p          p          1          1          p p          p          1 

io<iwip        1        1        p        1        1        1        1        p        p        1        p        p        p        1         1 

1       U         1     E    P           P           P           P           i           1           P           1           P           P           P           P           1           P           1             1 

1             p        p p PI         1 

COAGULANT 
(ALUMI 

mg/  L 

4.60 

4.88 

4.  82 
4.99 
5.45 
5.33 
5.25 
5.12 

5.  34 
5.64 
4.88 
4.29 
5,03 
4.09 
4.70 

^  (TCU) 
Treat. 

1  .00 
1.00 

COLOUl 
Raw 

1.00 
1.00 

1                 P-tJi'^i'-"p-<icopc\jinicvjicgic\jicvjioiic\jp.-iic>ji-i     i 

1                  14)1      -1       -P          1       ■    \       ■    \       ■    ]    '^.    ]       ■I'^l'^l'^l      .l'^!'"I"'| 
1                     IMIOPOIOIOPOPOPOPOIOIOPOPOPOPOIO       1 
1                  I    H    1          1          1          1          1          1          1          1          1          1          1          1           1          1          1 

rv  1 FTU  ) 

Filter 
0.  12 
0.  12 
0.  13 
0.  13 
0.  12 
0.  12 
0.13 
0.  13 
0.  13 
0.  13 
0.  12 
0.  13 
0.11 
0.  12 
0.11 

TURBIDI 
1  Set. 

1   Raw 
0.  42 
0.  46 
0.  46 
0.  48 
0.  44 
0.51 
0.  51 
0.48 
0.  56 
0.50 
0.96 
0.69 
0  .  66 
0.  53 
0.47 

1         ,"      "         ^1        ",        "        ",        ',         "i 

Ul                '            P            P            P            P            P            1            P            1            1            1            1            1            1            1 

(^                   |-'|«^P'^P-3-Ptf^PU>Pt-ICDpa)IOl—     PCMPCOlTI^        1 

TEHF .  ;' 
(DEG.C)  ;' 

0.00  ': 

0.00  i 
0.00  i 
0.00  'l 
0.00  1 
0.00  i 

0.00  ': 
0.00  ; 

0.00 
1.00 
1.00 
1  .00 
1.00 
1  .00 
1  .00 
1  .00 

H     : 

Treat. 
7.33  ' 
7.25 
7.22 
7.23 
7.05 
7.23 
7.37 
7.23 
7.32 
7.34 
7.21 
7.  19 
7.30 
7.  30 
7  .  28 
7.31 

P 

Raw 

7.73 

7.64 

7.64 

7.68 

7.56 

7.71 

7.92 

7.67 

7.74 

7.67 

7.66 

7.62 

7.65 

7.63 

7.66 

7.68 

RES. 
g/L) 

Treat. 
0.07 

METAL 
Al  (It 

Raw 

0.05 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.65 

4.83 

4.90 

4.53 

4.52 

4.56 

4.66 

4.74 

4.56 

4.55 

4.62 

4.48 

4.38 

4.  ,33 

4.24 

3.84 

:  (TCUl 
Treat. 

1.00 

COLOUE 
Raw 

1.00 
1.00 

Treat. 
0.  12 
0.  11 
0.  10 
0.08 
0.08 
0.  10 
0.09 
0.  10 
0.  10 
0.13 
0.  11 
0.  12 
0.  11 
0.09 
0.08 
0.  10 

rV  I FTU  1 

Filter 
0.  12 
0.  12 
0.11 
0.09 
0.09 
0.  11 
0.  10 
0.  10 
0.  11 
0.  13 
0.  12 
0.  13 
0.11 

0,09 
0.11 

TURBIDI1 
Set. 

Raw 

0.64 

0.65 

0.67 

2.14 

5.85 

1.07 

0.83 

0.92 

3.68 

1.00 

0.95 

1.64 

1.24 

0.  71 

1 J  .  6  4 

1.11 

1     w     :    ;    1    1    ;    ;    :    1    1    1    ;    !    :    y  y  y  "i 

1                f-                   llOlt-IOOIOTIOI-IICMiniVIUTItDlt-IOOICDI'-^l^        1 

<              i'-'i-Hi-<i^ic\jii\ji(Mirgi<MicMii.-\jic\jicoiMi<^im      i 

1     " :    :    :    1    1    ;    ;    ;    ;    ;     1 

TEMP. 
( DEG . C  ) 

2.00 
2.00 
2.00 
2.00 
2.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
4.00 
4.00 

H 

Treat. 
7.86 

7.98 

Raw 

7.56 

7.64 

7.69 

7.61 

7.58 

7.59 

7.68 

7.60 

7.61 

7.60 

7.56 

7.65 

7.64 

7.99 

7.61 

RES. 
g/L) 

Treat. 
0.08 

METAL 

Al   (IT 

Raw 
0.02 

,,,,,111 Ill 

,        ,        1         ,         ,         1         1        I         ,         ,         ,        1         1         1        1         1 
L>       1  J  1         1         1         1        1         1        1         1         1         1         1        1         ''        1 

<       1    ^  1        1         1         1        1 1         ' 

a,       1    w  1        1        1        1        1        1        1        1 1 

:  ^;    ;    1    1    ;    1 :    :    ; 

II 1    1    1    1    1 

OQiJi         1          '          1 1          •         '          1 

<  i-i   1    -^  1          1          1          1          1 1         1          1 

0<i»i          1          1          1         1 1          '          1          1 

"    ;  ^:    !    ;    I    1    :    :    ;    ;    :    :    1    :    ;    ; 

COAGULANT 
(ALUM) 

4.92 
4.74 
4.67 
4.86 
4.90 
4.53 
4.29 
4.34 
4.03 
4.31 
4.21 
4.26 
5.03 
5.51 
5.  19 

^  (TCU) 

Treat. 
1  .00 

6.00 

1  .00 

COLOUF 

Raw 
1.00 

1.00 

2.00 

Treat. 
0.08 
0.09 
0.09 
0.09 
0.  10 
0.  10 
0.  10 
0.  10 
0.  10 
0.  12 
0.  10 
0.09 
0.09 
0.  15 
0.08 

rV  (FTUi 

Filter 
0.09 
0.09 
0.09 
0.  10 
0.  11 
0.  U 
0.  10 
0.11 
0.  10 
0.  11 
0.10 
0.09 
0.  10 
0.08 
0.  10 

TURBIDI 
Set. 

Raw 
1.01 
1.01 
0.  56 
0.85 
0.93 
2.60 
0.73 
0.93 
3.67 
4.00 
2.75 
1.20 
23.98 
16.08 
2.33 

1                       11 

U                111 1            I            '            I            1 

^-             1— 'it^i'^i'»'iir)i«)ir--ia3icnioi— "iiMioiTiji 

"^             1          1          1          1          1          1          1          1          1          

Q             1          1          1          1          1          1          1          1          1          1          i-<i-ii-'i— 1— 

TEHP .  i 
( DEG . C  )  1 

4.00  i 
4.00  i 
4.00  i 

4.00  ': 

4.00  1 

4.00  1 

4.00  i 

4.00  i 

5.00  i 

,   5.00  'l 

;   6.00  ! 

1   6.00  ' 

';  6.00  ' 
';  6.00  ' 
;  6.00 

1    iJ '         '         '                                                               , 

1      O    1            1            1            1            1            1            1            ' 
1      41    1            1 

1    u  1 

1    H Ill 

ac '                '           ..   .  — - 

p 

Raw   ; 

7.67  '; 

7.62  ' 

7.74 

7.64 

7.61 

7.60 

7.68 

7.67 

7.66 

7.56 

;   7.63 

:   7.65 

!   7.61 

';   7.63 

i   7.62 

RES    ;' 

g/L)   ; 

Treat.  [ 
0.06 

METAL 
Al  (m 

Raw   1 
0.07 

PAC   ; 
mg/L   1 

AID  ; 

mg/L   1 

COAGULANT  i 
(ALUM)   ; 

mg/L    1 

5.68  ' 

4.79 

4.  19  ' 

4.  34 

5.63 

4.81 

4.99 

4.84 

4.90 

5.13 

4.80 

4.80 

4.20 

;     5  26 

;     4.92 

(TCU)  i 
Treat.  ' 

1.00 

1  .  00 

COLOUR 
Raw 

2.60 

1  .05 

Treat. 
0.  10 
0.09 
0.  10 
0.  11 
0.10 
0.  10 
0.  10 
0.08 
0.08 
0.09 
0.09 
0.08 
0.09 
0,  10 
0.09 

Y  ( FTU  1 

Filter 
0.  10 
0.09 
0.11 
0.  11 
0.11 
0.  10 
0.  10 
0.09 
0.08 
0.09 
0.09 
0.09 
0.09 
0  .  1  iJ 
0.08 

1 

TURBIOn 
Set. 

Raw 

2.  32 

4.02 

1.83 

3.02 

0.77 

1.71 

2.67 

1.21 

1.  37 
5.  18 

2.  35 
1  .23 
1  .22 
1.13 
0.  57 

1                        1         t         1         1         1         1         1         1         1         1         1         1         1         1         1         1 

1             U                1            1            1            1            1            1            1            1            1            1            1            1            1            t            1            1 
1           t-             i(i>ii~icDicnioi-<icv)ini-<riioi(Dit--i<r)icnioi-' 

1                <                   l-cl—     1     —     1     —     ICJirJICMICJICvJICMICMlCMICMI^Mlt^in 

1     °      1    ;    i    ;    ;    1    ;    1    :    ;    ;    i    ;    ;    :    ; 

1 
1 

TEMF. 
1 DEG.C) 

6.00 
6.00 
5.00 
6.00 
5.00 
5.00 
5.00 
5.00 
5.00 
8.00 
8.00 
8.00 
10.00 
10.00 
10.00 

Treat. 
7.27 
7.24 
7.  18 
7.23 
7.25 
7.20 
7.38 
7.25 
7.33 
7.23 
7.  35 
7.34 
7.30 
7.47 
7.  39 

t 

Raw 

7.67 

7.65 

7.62 

7.65 

7.70 

7.60 

7.62 

7.65 

7.69 

7.64 

7.24 

7.34 

7.67 

7.88 

7.64 

.  RES 

i«/L) 

Treat. 

HETAI 
Al  (n 

Raw 

17, 

1         1        1        1        1        1        1         1         1        i         1         1        1         1         1         1          1 

U          1    J 1            1            1            1            1            1            1            1              1 

1        <          1     -V    1           1            1            1            1            1            1 

a,       1    w  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1          1 
1              1    e  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1          1 
1              1        1        1        1        1        1        1        1        1        1        1          1 

COAG. 
AID 

COAGULANT 
1  ALUM) 

4.64 
5.00 
5.08 
5.  16 
5.27 
4.37 
4.28 
4.37 
4.10 
3.92 
4.88 
3.72 
4.21 
4.37 
4.  13 

\    (TCU) 
Treat . 

1.00 
1.00 

COLOUI 
Raw 

1.03 
1  .66 

Treat. 
0.08 
0.11 
0.09 
0.  10 
0.08 
0.  10 
0.08 
0.  10 
0  09 
0.09 
0.  10 
0.  10 
0.09 
0.09 
0.09 

FY  (FTU) 

Filter 
0.07 
0.09 
0.08 
0.  11 
0.08 
0.09 
0.  10 
0.  10 
0.09 
0.09 
0.09 
0.  10 
0.09 
0.09 
0.09 

TURBIDI 
1  Set. 

:   Raw 
i   1  .04 
;   3.60 
3.27 
1  .72 
0.71 
0.98 
0.72 
1.25 
0.88 
2.  44 
1  .88  ' 
2.  45 
1.23  ! 
1.18  '; 
U  94  : 

w      !    I    !    1    1    1    1    1    1    r   7""":";  '";"":'    'i 

<             ]'^;'^|'^;^i'"i'Ci(-.iaoia)ioi-iic-Jir-:iTri,r>     i 

O             '         '         '          1          1          1          1          1          1          I'^l'^l'^!"'!'^!'^ 
'''          1          1          1          1          1          1          1          1          1          1 

TEMP. 
(  DEG . C  ) 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

lu.oo 

10.00 

>H 

Treat. 
7  .  30 
7.32 
7.32 
7.40 
7.41 
7.39 
7.40 
7.20 
7.20 
7.  19 
7.33 
7.  18 
7.24 
7.26 
7.28 
7.29 

E 

Raw 

7.70 
7.70 
7.68 
7.70 
7.73 
7.75 
7.75 
7.70 
7.  70 
7.  60 
7.  80 
7.79 
7.85 
7,  84 
7.83 
7.61 

RES. 
ig/L) 

Treat. 

1     <  S  ,        7      V      7      V       ,         ,         I        1         ,         I         I         1         1         I         1         I 

!  §^i  ^i    i    i    i    i    i    i    i    i    i    !    i    i    i    i    i 

1  ce  1        1        1        1        1        1        1        1        1        1        1        

'_^       1  J  1        1        1        1 111111 

cl!       1    cm  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

IE II Ill 

COAG 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5.37 

4.88 

6.34 

5.73 

6.24 

5.69 

5.78 

5.35 

5.26 

4.63 

5.  12 

5.76 

5.04 

4.  13 

4.73 

4  .  75 

i    (TCUl 
Treat. 

1.00 
1  .00 

COLOUI 
Raw 

5.50 
1.30 

Treat. 
0.08 
0.08 
0.09 
0.10 
0.12 
0.11 
0.10 
0.  10 
0.  10 
0.09 
0.  10 
0.09 
0.10 
0.09 
0.  lu 
0.12 

r'l"    (  FTU  ) 

Filter 
0.09 
0.09 
0.09 
0.  10 
0.  11 
0.  11 
0.  11 
0.  11 
0.  11 
0.09 
0.  ip 
0.09 
0.  10 
0-09 
0.11 
0.  13 

TURBIDI' 
Set. 

Raw 

0.83 

0.66 

0.68 

1.80 

3.05 

1.26 

2.77 

3.03 

1.82 

1.47 

1.77 

0.98 

1.09 

1.13 

1.  12 

1.07 

w     1    !    !    1    :    !    !    :    1    !    I    y  7--7-7"7---- 

t-                   l«'lt-IODI05IOI-H|C\Il(T,|.3.|U1|jC|r~|OOIJ>IOI-' 
<                   l-ll-'l-'l-'ICMI<MI<Nll(VOICJICMIC\Jirj|(MlC-JIC"irr' 

•="                '       ' 

---------'---'---'.-.'.-.'....'....'...J..'.   1      1      1      1 

TEMP,  i 
(  DEG . C) : 

12.00  '; 
12.00  i 
12.00  ! 

12.00  ; 

12.00  i 
12.00  ! 
12.00  i 
12.00  i 
i  12.00  i 

i  12.00  '; 
';  12.00  ; 
';  12.00  '; 
';  12.00 
';  12.00 

1  12.00 

Treat.  ; 
7.20  \ 
7.20  1 
7.65  '; 
7.29 
7.20 
7.  30 
7.25 
7.23 
7.  40 
1   7.38 

■  7.32 
';   7.29 
i   7.31 

■  7.29 
1   7.27 

P 

Raw   1 
7.  40  1 
7.40  '; 

7.86  i 

7.87  ' 
7.80  ' 
7.79 
7.81 
7.82 

1   7.93 
i   7.75 
':   7.85 
i   7.80 
';   7.75 
';   7.79 
i   7.74 

RES.   i 
g/L)    1 

Treat.  1 

1 

METAL 
Al  Cm 

Raw   ; 

o    i^i    i    !    1    ;    i    1    i    i    i    i    !    i    '    ■ 
<    1  -^  1    1    1    '                        ,    1    

"^    :  E  1    i    1    i    !                 1    ;    ;    ;    i    :    ;     1 
1        11111111     , 

AID   1 
mg/L   1 

1         -T   J     1      W    1              1              1              1              1              1              1              1              1              1              ,              ,              ,              1              1                 1 

1       <  <    1     E    1           1           1           1           1                                                        , 1 

(TCUl  i 
Treat.  | 

1.00  ! 
1.00 

1     a:       1 -r"'r"V"V"T      V       1        1        1        1        1        1        1          i 

1  ?    !    1    !    i  o  i    '    !    •            1  ^ ;    1    1    :    !     1 

IJ151           1           1001           1           1           '           1           1           ''^                                                 1 

1         O            1       flj     1              1              1-1              1              1               1              1              1                                                                         1              1 
1        rj.           1    q;    1             1             1     CVJ     1             1             1             1             1             1                                                     1             1             1 

Treat.  1 
0.  10  1 
0.11  ! 
0.  13  ' 
0.  14 
0.  12 
0.  11 
0.11 
0.  10 
0.  10 
0.  10 
0.  10 
0.  12 
1   0.13 
!   0.  15 

;  0.19 

;i>           1      v.    1     -.    1     ^    1     TT     1     ^    1     CO    1     ^    1     -H    1     O    1     -    1     O    1     -    'l     CNJ     1     TT     1     U^    1     1-^       1 
1        (^           ,^,,_|^,^|^l_,l^|_.|-^l^l-ll-Hl-.l-.l             1                1 

^       l^loioioioioioioioioioioioioj^io     1 

>-          1    U.    1 '            '            '            '            '„'....' 

TURBIDIT 
Set.   ; 

Raw   1 

1.62  : 

2.05  1 
1.92  1 
2.33  : 
1.  43 
1.23 
0.98 
1.06 
1.78 
1.52 
1.50 
2.43 
1.78 
4.20 
;   4.35 

^'""^""V'V'V'V"]'":'"^  TV:;:::!     i 

f-             i^icgiroi^iioi'jDir-i<Dia!ioi—iCMi<^i'9''>'^      | 

^     i    i    i    i    i    i    i    i    !    i'^i'^i'^i'^i'^i"^  1 

EMP. 
EG.C) 

2.00 
2.00 
2.00 
2.00 
4.00 
4.00 
5.00 
5.00 
5.00 
L5.00 
15.00 
15.00 
15.00 
15.00 
15.00 

1              —       p p 1 

H 

Treat. 
7.32 
7.22 
7.24 
7.26 
7.  12 
7.33 
7.72 
7.55 
7.40 
7.42 
7.42 
7.43 
7.  44 
7.  44 
7.  42 

Raw 

7.  72 

7.76 

7.43 

7.61 

7.43 

7.72 

7.72 

7.74 

7.72 

7.46  • 

7.82 

7.80 

7.82 

7.  84 

7.  86 

RES. 
ig/L) 

Treat. 

METAL 
Al    (n 

Raw 

i  ^    i-^i    i    !    i    i    i    i    i    i    i    i    i    i    i    i 
'^    i  *i    i    i    i    i    i    i    i    i    i    i    i    i    i    ;    i     i 

COAG  . 
AID 

mg/L 

COAGULANT 
(ALUMI 

mg/L 

7.25 

8.  19 

6.45 

5.92 

5.93 

4.99 

4.77 

4.93 

4.24 

5.23 

5.32 

5.72 

5.61 

5.64 

5    54 

i    (TCU) 
Treat. 

1.00 
1.00 

COLOUf 
Raw 

2.00 
1.71 

p*>pcJ5PiTPCMPOPCjp-HPCMPcgpcnpcvjp-Hpr)p— "i-^iini            i 

p     t)    p      .   p      •    p      .    p      .    1      .   p      .    p      ■    p      .   1      .   p      .    p      -   1      .    p      .    p          p      .    p            1 

1                     PUPOPOIOPOIOPOPOPOPOPOPOPOPOPOIOP              1 

P    !-    P            P            P            P            1            P            P            P P            P              1 

ry    (FTU) 

Filter 
0.17 
0.  11 
0.  14 
0.  17 
0.  13 
0.11 
0.  13 
0.11 
0.  13 
0.  12 
0.11 
0.  11 
0.  10 
0.  09 
0  .  (.1 9 

TUREIDf 
Set. 

Raw 

1  .  40 

2.  10 

3.87 

1.90 

1.65 

1.22 

1.72 

1.35 

2.48 

1.98 

3.00 

1  .93 

1.30 

1.05 

1    65 

1     u.      :;:;;;    1    : ;    ; 

1           H             '   'i3   1    r^    1    CD    1    -J)   1    o   1    -'    1    cvj   1   (^   1    -*■   1    tn   1    /c    1    t'    1   cn   I    -7)    r    o    1    — ' 

1            O               '           ■           ■           t           I           >           1           1           1           t           1           1           1           1           1           1 
1                              ■           >           <           >           1           1           1           1           1           1           1           1           (           t           1           1 

EHP. 
)EG .  C  ) 

5.0O 
5.00 
5.00 
5.00 
6.00 
6.00 
6.00 
6.00 
6.00 
7.00 
6.00 
6.00 
6.00 
6.00 
6  .  00 

Treat. 
7.46 
7.31 
7.30 
7.40 
7.40 
7.50 
7.50 
7.  30 
7.40 
7.40 
7.50 
7.50 
7.40 
7.50 
7.  50 

E 

Raw 

7.80 
7.80 
7.70 
7.40 
7.90 
7.80 
7.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.80 
7.70 
7.70 

.  RES. 
Treat. 

METAL 
Al  (n 

Raw 

1         1         1         1         1        1         1         1         1         1         1         1         1         1         1         1          1 

1               1         1         1         1         1         1         1         1         1         1         1 

1     '_■■       1  J  1         1         1         1         1         1         1         1         1         1         1         1         1         1         1          1 
1      <       1    V 1 1 

I       CU         1     1^   1           1           1 II 

COAG 
AID 

COAGULANT 
(ALUM) 

mg/L 

5.37 

5.42 

4.99 

5.27 

5.50 

5.  14 

5.  19 

5.7  1 

5.48 

5.24 

5.66 

5.77 

5.22 

5.21 

4  85 

i    (TCU) 
Treat. 

2.30 
2  .  00 

COLOUF 
Raw 

1  .00 
2.00 

Treat. 
0.03 
0.08 
0.  10 
0.  11 
0.  10 
0.09 
0.  10 
0.  10 
0.  10 
0.09 
0  09 
0.  10 
0.  10 
0.11 
0.  U 

rv  ( FTU  1 

Filter 
0.08 
0.08 
0.08 
0.  11 
0.09 
0.09 
0.  10 
0.09 
0.09 
0.09 
0.09 
0.  10 
0.  10 

0.11 

(J.  1  1 

TUREIDI 
Set. 

'   Raw 
1.88 
1  .66 
1.95 
1  .95 
1  .39 
1.27 
1.00 
1.00 
1  .20 

1  .47 

2  03 
1.62 
1  .43 
0.36 
0  .  99 

u      1    i    1    1    1    1    1    ;    :    :    ;    1    :    1    ! 

t-             i-'ir-ji"i-3'iir)i'.cii^iooicnioi-'ic\jini-Tii.T 

Q        1      1      1      1      1      1      1      1      1      l'^!'^!"'!"^!"'!"^ 

TEHP ,    ;' 
(  DEG.-Cj  ! 

16.00    1 
16.00    i 
16.00    i 
16.00    i 
17.00    i 
19.00    i 
20.00    i 

20.00   ; 

20.00    i 
20.00    ' 
19.00 
!     20.00 
;     20.00 

;    20.00 
;   20.00 

H                 i 

Treat. 
7,40    ' 
7.40 
7.40 
7.60 
7.40 
7.30 
7.30 
7.33 
7.  40 
7.30 
7.30 
7  .  50 
7  .  44 
•       7  ,  50 
1       7,3iJ 
1       7.40 

P 

Raw       ; 

7.  80 

7.70 

7.70 

7.50 

7.40 

7.50 

7.60 

7.20 

7.30 

7.30 

7.70 

7.80 

:       7.90 

:       8.0IJ 

;       7    70 

:       7  .  90 

RES        ;' 
g/L)         : 

Treat.  ! 

^  _,,,,,         1         ,         , 

H       1         1         1        1         1         '        '         '         ' 

W-iiS '' 

i"i    i    i    i    i    i    i    i    i    ;    i    :    :    :    1    ;     i 

PAC     ; 

mg/L 

7       1 ,         ,         ,         ,         ,         1         ,           1 

-.o:.;    ; i    ;    ;    :    : 

<>-i\i    1    1    1    1    1 

O  <    1     M    1            1            1            1            1            1            1 '            '            '            ' 

1  '-^    1  " ;    1    i    1    : :    ;    :    ;    : 

COAoULANF 
1  ALUM ) 

mg/L 

5.11 
5.33 
5    10 
7.  10 
6.96 
6.45 
5.74 
5.44 
5.37 
5,39 
5,81 
5.  36 
5.  15 
5.20 
5.  16 
5.58 

-I4J 1             lOI             1             1             ,             1             1             IT>,             1                1 

10IH!,          1          1          1          1          1          iin,          1          ,          1          1          1          i<ci          1            1 

O        1     l-   1          ,          ,          ,          1          1          1      •   1          1          1          1          1          1          '          '          1            1 

t-llJI            ,            1            ,            1            1            ,-«■,            ,            1            ,            ,            1            lOl            ,              1 

_         1    H    1           ,           ,           ,           ,           1           1           1           1           1           1           1           1           1           1           1             1 

1           1           1           ,           1           ,           ,           1           ,           1           , 1              1 

COLOUF 
Raw 

4.50 

1  ,00 

Treat. 
0.  10 
0.  12 
0.  14 
0.  12 
0.11 
0.11 
0.  10 
0.  11 
0.  12 
0.  14 
0.14 
0.  12 
0.11 
0,07 
0  ,08 
0.  10 

z?        itj,— i,rgi(£,,'^,c\],CM,o,t^,t^i-3'iin,cj,^ir^icct^ 

UU           ,     4-1     ,        .     ,        .    1        .     1        .     1        .    1        .     ,        .     ,        .     ,        .     1        -     ,        .     ,        ,     1        .    ,             ,        ,     1        . 

_       ,—,,   0,010,010,010,01010,   01010,0,010     1 

,.-,,,,,,,       1       1       1       ,,,       1       ,       1       ,         1 

;-        ,   u, ,11,,,,,,,,           1 

TURBIDn 
Set. 

Raw 
1  .37 
1  .  58 
2.27 
2.95 
2.95 
3.60 
1.03 
1.64 
2.  18 
2.93 
1  .  97 
1  .  88 
1  .  45 
2,  18 
2.  18 
2.  85 

t.      :    !    1    1    ;    i    1    !    1    !    1    1    1    ;    :    ;     1 

i-^             »    ^o   1    I-    r    00    I    o)    1    0    1    «-<   1    CM   1    r?   1    Tj-   1    in    I    fc    1    [-    )    CO    1    ai    1    0    1    ^ 

<                   (•HI^I^I^ICMlCvjICsJICsJIOMICMIiMlCMICvJICNJIt^irO 

"      ;    ;    1    :    ;    :    ;    1    ;    ;    ;    :    ;    1    :    : 

TEHf  : 
(  DEG  ,  C  )  ;' 

21.00  i 
21.00  'l 
21.00  1 
21.00  i 
21.00  i 
21.00  1 
21.00  i 

21.00  '; 

21.00  i 

21.00  '; 
;  21.00 
;  21.00 
';  21.00 
';  21.00 
';  21.00 

H           i 

Treat.  1 
7.46  ', 
7.50 
7.40 
7.40 
7.  40 
7.30 
7.  30 
7.  40 
7.40 
7.30 
7.  30 
7.30 
!   7.40 
;   7.40 
';   7.30 

P 

Raw   ; 

7.89  '; 

8.14 

8.00 

8.01 

7.90 

8.20 

8.30 

8.06 

8.  10 

3.04 

8.03 

:   8.  15 

!   8.05 

';   8,08 

':   8.15 

RES.   i 
g/L)    1 

Treat,  i 

HETAL 
Al  (m 

Raw   1 

PAC   i 
mg/L   1 

COAG .  i 
AID   I 

mg/L   1 

COAGULANT! 
(ALUM)   1 

mg/L    1 

5.37 

5.40 

5.20 

4.79 

4.84 

4.  34 

4.41 

4.84 

4.35 

4.84 

5.89 

5.94 

5.24 

;     4  ,  76 

i     U  .  20 

(TCU)  i 
Treat. 

1.00 

1  .00 

COLOUR 
Raw   ! 

4.00 
2.00 

Treat. 
0.09 
0.08 
0.09 
0.  10 
0.  10 
0.09 
0.  10 
0.  11 
0.  10 
0.  10 
0.09 
0,09 
0.09 
0.  10 
0.13 

Y  ( FTU  . 

Filter 
0.09 
0.08 
0.09 
0.  10 
0.  10 
0.  10 
0.11 
0.  11 
0.  13 
0.  10 
0.  10 
0.09 
0  08 
0.  10 
0,11 

^       ,   .............................    ..      ..       ^         ^         ^ 

2    i  . ;    1    1    ;    1    1    1    !    !    1    :    :    1    1    1     I 

W        1    4J    1          1 Ill 1 

PS       1    u  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

?    ;'^;    1    :    1    1    1    1    ;    !    ;    ;    1    ;    !    :     i 

Raw 

2.  29 

1.  58 

0.79 

0.69 

0.97 

0.48 

0.50 

0.54 

0.65 

0.57 

0,  89 

0.  57 

0.53 

0.67 

1,20 

""«'"   :    T   1    :    ;    1    ;    1    ;    ;    1    ;    1    1    :     i 

(-                   I^ICM|C^I-a'llDI(rit~IODICJ5IOI-'ICNJIf^l-''l''^        1 
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-      :    1    ;;;;:;:;:;;;    :     I 

MP. 
G.C) 

.00 
.00 
.00 
.00 
.00 
.00 

L.OO 
.00 
.00 

L.OO 
.00 

L.OO 
.00 

).00 

).00 

1         (-          Q            ICvJICJICMIC\J1CMIWIt-01CMIC\JICJIC>JICMIC\IirOICMICM 
—            1              1              1              1              1              1              1              1              1              1              1 

H 

Treat. 
7.40 
7.30 
7.40 
7.40 
7.30 
7.40 
7.40 
7.40 
7.40 
7.30 
7.30 
7.60 
7.50 
7.40 
7.  30 
7.30 

F 

Raw 

8.  11 

8.  17 

8.24 

8.23 

8.13 

8.20 

8.21 

7.95 

7.97 

8.  14 

8.  14 

8.22 

8.  14 

8.06 

8  10 

8.05 

.   RES. 
Treat. 

METAL 
Al  (n 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
1  ALUM) 

mg/L 

6.25 

4.92 

5.89 

6.52 

5.79 

4.94 

4.80 

5.  18 

5.72 

6.11 

5.98 

6.61 

6.79 

5.95 

0.94 

5.91 

I  (TCU) 
Treat. 

1.00 
1.00 

COLOUI 
Raw 

3.00 

2.00 

Treat . 
0.13 
0.10 
0.  13 
0.  11 
0.  10 
0.10 
0.11 
0.  10 
0.12 
0.  11 
0.  10 
0.  10 
0.  10 
0.11 
0.  u 
0.  12 

ry  fFTU) 

Filter 
0.  12 
0.10 
0.  11 
0.  11 
0.  10 
0.  10 
0.  11 
0.  11 
0.  12 
0.  10 
0.  10 
0.  12 
0.  10 
0.  10 
0  11 
0.  12 

TURBIOr 
Set. 

Raw 

0.67 

0.71 

1.65 

1.39 

1.30 

1.06 

1.37 

1.45 

2.97 

1.39 

4.98 

4.82 

2.83 

1.  44 

2.27 

8.  47 
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TEMP .  ;' 
( DEG . C  )  1 

20.00  i 
20.00  i 

20.00  '; 
20.00  '; 

20.00  i 

20.00  '; 
20.00  '; 
20.00  ': 
20.00  '; 

19.00 
19.00 
19.00 

;  19.00 
;  19.00 
;  19.00 

Treat. 
7.40 
7.39 
7.90 
7.55 
7.49 
7.43 
7.49 
7.36 
7.45 
7.33 
7.  40 
7.  50 
7.80 
7.  47 
7.25 

Raw 
7.96 
7.81 
7.82 
8.02 
8.01 
8.00 
8.01 
8.06 
8.01 
7.93 
7.81 
7.91 
;   7.69 
;   7.80 
;   7.87 

RES .   1 
g/L) 

Treat. 

METAL 

Al   (IT 

Raw 

1 1         1         1         1         1         1         1          1 

r_,             1     J     !                1                1                1                1                1                1                1                1                1                1                1                1                1                1 

<       1    ^ II 
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1     E    1           1           1           1 '           '           ' 

COAG.  : 
AID 

mg/L 

coagulant; 

(ALUM) 
mg/L 
6.40 
6.22 
5.93 
4.67 
5.40 
5.73 
5.33 
5.30 
5.23 
5.  13 
5.91 
4.35 
5.  45 
5.  19 
5.21 

t  (TCU) 
Treat. 

1.00 
1.00 

COLOUF 
Raw 

1.00 
1.00 

Treat. 
0.09 
0.  10 
0.  10 
0.  11 
0.11 
0.  11 
0.11 
0.  13 
0.  13 
0.  11 
0.  10 
0.11 
0.  11 
0.11 
0.09 

-       t        1        1         1         1         1         1         1         1         1         1         1         1         1         1         1          1 
1      r5        ikiioi'-iiot»-»i*-ii'-iic«jinifni»-iioi^icMic7^i'^ 

U.            1      4J     1              1         -1         .1         -1         -1         -1         .1         .     1         .1         .1              1         -1              1              1 
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>          1    U.    1            1            1            1            1            1 Ill 

TURBIDI1 
Set. 

Raw 

1.65 

2.57 

1  .08 

0.82 

0.66 

1.66 

1.63 

0.92 

1  .00 

0  .  66 
0.70 
2.04 
1.55 

1  .  40 
1  .64 

1                       1         1        1         1         1         1         1         1         1         1         1         1         1         1         I 

1             U                1            1            1            1 1            1            1            1            1            1 
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1            <^              1          1          1          1          1          1          1          1          1          1          1          1          1          1          1 

EMP. 

9.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
L7.00 
7.00 
L7,00 
L7,00 

"ill. 1        1        1        1         1          1 

H 

Treat. 
7,23 
7.33 
7.23 
7.28 
7.31 
7.40 
7.29 
7.24 
7,30 
7,30 
7.48 
7.40 
7.40 
7,43 
7,  33 

Raw 

7,90 

7.82 

7.75 

7.97 

7.68 

7.78 

7.91 

7.91 

7.52 

7.70 

7.79 

7.69 

7,68 

7,59 

7  ,  90 

RES, 
ig/L) 

Treat. 

METAL 

Al   (D 

Raw 

PAC 
mg/L 

COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

5,82 

5.35 

7.70 

5.92 

5.60 

5.58 

5.01 

4.69 

4.51 

5.76 

5.63 

4.83 

4.82 

4  ,  94 

4.95 

<  (TCU) 

Treat. 
1.00 

1  ,00 

COLOUI 

Raw 
1.00 

1.00 

1  ,00 

Treat. 
0.  11 
0.  12 
0.  14 
0.11 
0.11 
0.  10 
0.  10 
0.  10 
0.13 
0.  12 
0,  12 
0.  11 
0.  12 
0.  12 
0,  11 

rV  (FTU) 

Filter 
0,11 
0.11 
0.  14 
0.11 
0.  12 
0.12 
0.  10 
0.  10 
0,13 
0.  12 
0,11 
0,  11 
0.  11 
0.  11 
0,  10 

TURBIDI' 
Set. 

Raw 
4.  30 
4.60 
6.67 
1.97 
2.  12 
1,72 
0.90 
0.78 
1.85 
2.80 
1.S9 
1  ,63 
1  ,33 
0.  84 
0  69 

1        1        1        1 1 
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7.00 
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6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
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6.00 
6.00 
4.00 
4.00 

Treat. 
7.67 
7.50 
7.30 
7.50 
7.40 
7.60 
7.58 
7.56 
7.53 
7.52 
7.40 
7.60 
7.50 
7.66 
7.69 

Raw 

7.98 

8.00 

8.00 

8.00 

8.02 

8.00 

8.30 

8.  10 

8.03 

7.00 

7.84 

7.85 

8.04 

7.92 

7.89 
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p     E    P          1          P          P          1          1          P          1          1          1          P          1          1          1          1 
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COAG. 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.66 

4.21 

4.04 

5.85 

6.72 

5.12 

4.45 

7.95 

4.49 

5.53 

6.29 

5.96 

6.  18 

5.30 

4.7  1 

i    ( TCU ) 
Treat. 

1.00 
1.00 

COLOUt 
Raw 

1.00 
1  .  50 

Treat. 
0.  10 
0.  10 
0.  11 
0.  12 
0.  10 
0.  13 
0.  11 
0.  12 
0.11 
0.09 
0.  13 
0.  27 
0.  21 
0.12 
u  .  10 

ry  ( FTu  1 

Filter 
0.09 
0.  10 
0.12 
0.  12 
0.  10 
0,  10 
0.  11 
0.  11 
0.11 
0.  12 
0.11 
0.23 
0.09 
0.09 
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;   Raw 
1  .00 

0.  97 
1.01 
3.25 
3.28 
5.57 
1.36 

1.  15 
2.07 
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8.  13 
9.75 
2.55 
0.  93 
0  72 
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'EMP. 
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4.00 
3.00 
3.00 
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3.00 
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3.00 
3.00 
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2.00 
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Treat. 
7.64 
7.36 
7.30 
7.60 
7.58 
7.44 
7.60 
7.58 
7.60 
7.57 
7.67 
7.  46 
7.57 
7.60 
7.58 
7.54 

Raw 

7.85 
7.80 
7.70 
7.95 
7.92 
7.92 
8.04 
7.95 
7.90 
7.90 
7.90 
7.90 
8.00 
8.00 
7.90 
7.  54 

.  RES. 
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METAI 
Al  (n 
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PAC 
mg/L 

COAG . 
AID 

mg/L 

COAGULANT 
(ALUM) 

mg/L 

4.  15 

4.60 

5.24 

5.73 

4.84 

4.81 

5.37 

6.55 

5.45 

5.33 

5.27 
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0.  10 
0.11 
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0.  10 
0.09 
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3.05 
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2.15 
1.29 
1.00 
0.71 
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1.26 
0.73 
1.08 
1.  19 
0.84  ! 
1.07 
2.83  '; 
1.34  i 
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TEMP. 

(DEG.C) 

11.00 
8.00 
8. (DO 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
6.00 
6.00 
6.00 
6.00 

M 

Treat. 
7.40 
7.50 
7.60 
7.50 
7.60 
7.50 
7.50 
7.50 
7.40 
7.50 
7.60 
7.  40 
7.50 
7.50 
7.  50 

I 

Raw 

8.00 

8.  10 

8.00 

8.00 

8.00 

8.00 

7.90 
8.00 
8.00 
7.78 
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Treat. 
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Al  (n 

Raw 

1        1        1        1 II 1 

^    i-ei    i    i    i    i    i    i    i    i    i    i    i    i    i    i    i     i 

a.       1    Qc  1        1        1        1        1        1        1        1        1        1        1        1        1        1        1        1          1 

IE 1            1            1            1            1            1            1            1            1            1            1 

COAG. 
AID 
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COAGULANT 
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mg/L 
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4.32 
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5.40 

5.27 

4.80 
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Footnotes 


1  =  see  individual  footnotes  for  Agency  of  guideline  origin 

c  =  California  State  Departsent  of  Health  Action  Level 

d  =  OHDO  for  DDT  (contains  other  isorers  such  as  OFODT  and  PPDTl 

?  -  USEPfi  aubient  guideline 

ea  =  United  States  Environsental  Protection  ngency  (UsEFAi  asbient  level  for  endC'Sulfan  (contains 
other  isoiiers) 

ep  =  uSEPA  proposed  *a):i»ui  contaiinant  level  for  drinking  water 

q  =  suggested  Health  and  Kelfare  Canada/Ontario  Ministry  of  the  Environient  guideline  value 

h  =  World  Health  Drganwation  il4H0)  guideline 

h<  =  World  Health  Organization  (WHO)  Odour  Threshold 

ig/L  =  iilligrais  per  litre,  parts  per  iillion,  (pps) 

ng/L  -   nanograms  per  litre,  parts  per  trillion,  (ppt) 

Presence/Absence  =  iicrobiological  test  to  indicate  presence  or  absence  of  colifori  bacteria 

R  =  raw  xater 

T  =  Treated  Drinking  Water 

t  =  ODHO  Intern  aaxicun  acceptable  concentration,  (IHAC) 

ug/L  =  •icrograss  per  litre,  parts  per  billion,  (ppb) 

y  -  Men  York  State  (Taste  and  Odourl  proposed  drinking  water  guideline 

++  =  total  Ttrihalotethanes 

♦++  =  conbined  total:  Heptachlor  and  Heptachlor  Epoxide 

t  =  if  other  than  DWSP  Detection  Limt 

♦♦  =  total  of  Aldrin  and  Dieldrin 

♦♦♦  =  Chlordane  is  a  fixture  of  alpha  and  gaaaa  isoaers 

!  =  Hinistry  of  the  Environment  and  Health  and  Welfare  Canada,  IINACI 
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MONTH 

1    COUNT 

1986 

1985 

'   1964 

1983 

'   1982 

1981 

JAN 

;  Max. 
1  Min. 
!  Avg. 
;  No.  Tests 

0 

644 

i     339 

492 

2 

L.A. 

627 

1 

191 

1 

259  1 
i     157 

197  1 
3 

FEB 

!  Max. 

Min. 
'  Avg. 

No.  Tests 

139 
1 

0 

344 

326 

335 

2 

950 

1 

190 

1 

625  , 
269  ; 

420  : 

3  1 

MAR 

Max. 

Min. 
Avg. 
No.  Tests 

454 

208 

331 

2 

939 

266 

602 

2 

530 

1 

858 

782 

820 

2 

125 

1 

689  1 

266  ! 

422  ! 

3  ! 
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Min. 
Avg. 
No.  Tests 

0 

0 
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927 

755 

841 

2 

450 

286 

368 

2 

325  1 

227  1 

281  ! 

3  1 

MAY 

Max. 
Min. 
Avg. 
No.  Tests 

417 

270 

344 

2 

0 

593 
492 
542  , 
2 

247 
222 
235  ! 
2 

743 

316 

470 

3 

576  ! 

1  ! 

JUN 

Max.       i 
Min.       1 
Avg.       ! 
No.  Tests  1 

695 
652  1 
673  , 
2  ! 

0  1 

827 
101  1 
464  , 
2  1 

250  ', 
101  1 
176 

2  : 

209 
192  . 
202 
3  1 

229  1 

152  1 

178  1 

3  1 

NOTE:  Document  source  of  information.   All  units  ASU/mL. 
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MONTH 

1  COUNT 

1   1986 

1   1985 

1   1984 

!   1983 

1   1982 

1   1981   i 
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i  Max. 
i  Min. 
!  Avg. 
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:     669 
!       1 
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;              1 
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1     168 
1       2 

!      92 
i       1 
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1      54 

117 
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No.-  Tests 

0 

1     267 

54 

160 

2 

0 

1     147 

29 
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57  '; 
1  ! 
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No.  Tests 
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344 
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546 

350 

448 

2 

75 

1 

144 

79 

103 

3 

434  1 
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222  ; 

3  i 

OCT 

Max. 
Min. 
Avg. 
No.  Tests 

0 

29 
1 

537 

366 

451 

2 

234 

129 

181 

2 

296 

142 

219 

2 

863  ! 

416  : 

616  1 

3  ; 

NOV    1 

Max. 

Min. 

Avg.       I 

No.  Tests  ! 

0 

302  I 
1 

417 
294 
356  . 
2 

165 
128 
147  , 
2 

404 

215 

310 

2 

328  ! 

292  1 

310  ! 

2  I 

DEC      : 

Max.       ! 
Min.       1 
Avg.       1 
No.  Tests  ; 

NA    i 

189 
1  ! 

409 
305  ; 
357  ; 
2  i 

427 
137  : 
282  , 
2  1 

405 
1  ! 

700  ! 
299  1 
500  1 

2  ; 

NOTE:  Document  source  of  information.   All  units  ASU/mL. 
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TABLE  7.0:  ONTARIO  DRINKING  WATER  OBJECTIVES 

INCLUDING  ALUMINUM  (TREATED  WATER  AT  PLANT) 
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;     DATE 

1    PARAMETER 

1  MEASURED  PARAMETER 

1  OBJECTIVE  LIMIT 

;  19  NOV.  85 

1  FECAL  STREPP 

1     PRESENT  (IS) 

;      ABSENT 

I  26  MAR.  85 

TOTAL  COLI 

;     PRESENT  (IS) 

:      ABSENT 

!  1  MAR.  84 

i    TURBIDITY 

!       2.8  FTU 

1 . 0  FTU 

:  29  FEB.  84 

TURBIDITY 

7.. 3  FTU 

1.0  FTU 

TABLE  7.1:  ONTARIO  DRINKING  WATER  OBJECTIVES 
(DISTRIBUTION  SYSTEM) 
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!     DATE 

PARAMETER 

MEASURED  PARAMETER 

OBJECTIVE  LIMIT 

1  16  SEP.  86 

TOTAL  COLIFORM 

PRESENT  (2S) 

ABSENT 

1  26  AUG.  86 

TOTAL  COLIFORM 

PRESENT  (IS) 

ABSENT 

I  22  JUL.  86 

FECAL  STREPP 

PRESENT  (IS) 

ABSENT 

1  26  NOV.  85 

TOTAL  COLIFORM 

PRESENT  (IS) 

ABSENT 

!  19  NOV.  85 

FECAL  STREPP 

PRESENT  (IS) 

ABSENT 

1  9  JUL.  85 

FECAL  COLIFORM 

PRESENT  (IS) 

ABSENT 

i  18  SEP.  84 

TOTAL  COLIFORM 

PRESENT  (2S) 

ABSENT 

!  3  NOV.  83 

TOTAL  COLIFORM 

PRESENT  (IS) 

ABSENT 

!  2  OCT.  83 

TOTAL  COLIFORM 

PRESENT  (2S) 

ABSENT       i 

3 

X  OF 

TREATED 

WATER 

7.1 
8.2 
8.3 
8.2 
7.5 
6.4 
5.9 
6.2 
5.5 
8.6 
12.0 
9.8 

19e 

TOTAL 

BACKWASH 

WATER 

(ML) 

110 

120 

129 

130 

153 

188 

218 

173 

138 

159 

191 

161 
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TOTAL 

BACKWASH 

WATER 

(ML) 

150 

129 

173 

258 

266 

340 

260 

256 

206 

190 

222 

158 

35 

%   OF 

TREATED 

WATER 

9.9 

9.0 

8.9 

8.1 

14.6 

15.0 

10.9 

9.7 

9.1 

10.7 

10.3 

9.5 

19 

TOTAL 

BACKWASH 

WATER 

(ML) 

164 

136 

142 

137 

340 

375 

325 

241 

170 

186 

163 

156 

36 

%  OF 

TREATED 

WATER 

7.8 

6.8 

7.8 

8.7 

10.0 

16.6 

10.8 

7.6 

8.3 

9.4 

11.9 

19 

TOTAL 
:  BACKWASH 
WATER 
(ML) 

133 

106 

116 

149 

239 

370 

307 

168 

163 

166 

198 

0 
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;'  MONTH 

!   JAN. 
i   FEB. 
i   MAR. 
!   APR. 
!   MAY 
!   JUN . 
';   JUL. 
';   AUG . 
1   SEP. 
1   OCT .   ; 

NOV . 

DEC .   ! 
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